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Tue mathematical curve known as the 
catenary is the curve formed by a chain, | 


or cord of uniform section throughout, |: 


loaded only with its own weight. 

The transformed catenary, as used for 
the figure of an arch, is derived from the 
common catenary by parallel projection, | 
and Rankine thus describes its peculiar | 
properties as distinguished from the com- | 
mon catenary : 


“The common catenary is the curve of | 
equilibrium fora chain supporting a load | 
which, whether arising from its own 
weight or from other weights also, is | 
proportional upon any given are AB of | 
the chain to the area enclosed between | 
that arc, the two ordinates AO, BX, and | 
the directrix OX, which is at a depth m | 
below the vertex, the intensity of the load | 
at any point B being proportional to the i 
ordinate y=BX.” 

Rankine then goes on to say that the 
load on the chain may be assumed to 
consist of an uniformly thick sheet of a 
homogeneous substance which, upon the 
are AB would have the dimensions AO 
XB, and, calling the weight of an unit of 
area =, he gives the horizonal tension 
at A=wm’, m being the parameter of the 
curve =OA. Looking at Fig. 1, and 
supposing a curve ab made so that, | 
whilst the horizontal abscissae are kept | 





* The calculations | in this paper are not absolutely 
accurate, but sufficiently so for practical purposes. 
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the same, the vertical ordinates are all 
proportionately altered, so that OA : Oa 
: XB: X%, and denoting the vertical 
| distance Oa by y,, and X¢4 by y,, and 
putting y for XB we get m:y, :y:y’. 


Then, ender these suppositions, Ran- 
|kine defines the transformed catenary to 
be the form of equilibrium for a chain, so 
loaded that the weight upon any are ab 
is proportional to the area OabX; the 
‘intensity of load at any point 4 being 
proportionate to the ordinate X4, all the 
vertical forces thus being altered in the 
ratio y, : m, and the horizontal forces re- 
maining the same. The following equa- 
tions are then given, upon which calcula- 
tions may be based : 


H the horizontal tension at a=wm’, as 
in the catenary. 


Intensity of load at 
wy, (¢ x +e “in) 


b=wy'= 9 


| & being the abscissa OX and e mand e-5, 


being the Naperian anti-logarithm of — 


and the reciprocal which require a table 
|of hyperbolic logarithms in using; but 
\the following formula may be used in-- 
stead : 
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7 2 & 
em 10 -43m and e- m= 


The load between 


zx 


a and b=P=— 7 ( € a ~ im ) 


The tension at d= »/P*?+H? 


The principal use of the transformed 
catenary, says Rankine, is as a figure for 
arches, the curve being inverted, and 
tensions becoming thrusts. Such an 
arch is suited to sustain vertical loads of 
an intensity proportionate to the vertical 
ordinate at each point, the intrados being 
formed to the curve of equilibrium, and 
the extrados of the arch may be either a 
horizontal line or another transformed 
catenary. If horizonal, it necessarily co- 
incides with the directrix OX. It is 
very certain that the majority of arches, 
in stone especially, that have ever been 
constructed are not of the form of an 
arch of equilibrium. Circular ares have 
almost wholly been employed for such 
arches as do not approximate to the hy- 
drostatic arch, ¢. ¢., elliptical arches. No 
doubt the thickness of the arch-rings of 
most arches is so great that a curve of 
equilibrium may be drawn within the 
ring, and at a safe distance within it, 
probably within the middle third of the 
thickness, as recommended by Rankine, 
z. e., of course for arches not exceeding 
120°. It is by no means, however, to be 
taken for granted, even if the curve of 
equilibrium do fall outside the theoreti- 
cal safe limit, that “the stability of such 
arches is either now precarious, or must 
have been precarious while the mortar was 
fresh,” as Rankine has stated. If arches 
consisted only of the arch-ring, pure and 
simple, this would no doubt hold good, 
but before the centering is struck it is 
usual to build in the backing, oftentimes, 
too, level with the crown of the arch, or to 
fill in the spandrils with a sufficiency of 
walling well bound in with the arch-ring 
proper, thus preventing any movement 
of the arch, either towards collapse in- 
wards or bursting outwards; and an 
arch thus well built would stand without 
the arch-ring proper, which is but a por- 
tion of a well-connected whole, and may 
be said to be the arch proper by courtesy 
alone. 

It is, however, always more satisfac- 








tory to the engineer to know that the 
structures he designs contain within 
themselves the elements of stability apart 
from the stability which springs from 
the faithful execution of the work of the 
mason or bricklayer, or the use of the 
best metal; and it is probable that the 
use of the inverted transformed catenary 
would have been more common if the 
mode of making the necessary calcula- 
tions had been explained by Rankine 
more clearly than has been the case. It 
appears to the writer that the work of 
Rankine has been to grasp the natural 
laws bearing on the general subject of 
engineering, and formulate the same 
without making any attempt to elucidate 
the valuable information for the benefit 
of the more immediately practical man. 
Rankine’s works want translating into a 
simpler form for daily use; the absolutely 
needful grain requires extracting from 
the mathematical envelope which, how- 
ever interesting to the mere student of 
form, is worthless as an aid for the ma- 
jority of our constructing engineers. 

Let us then, by taking an example, en- 
deavor to show how the transformed 
catenary may be found for a given arch. 
In practice, when an arch is to be built, 
it is probable that two levels would be 
given from which little or no deviation 
could be allowed.. These two would be 
the roadway surface over the crown of 
the arch and the points of springing. To 
determine a curve a third point would be 
required—the vertex of the arch, 7. e., the 
distance of the intrados at the crown 
from the road surface or Oa. _— (Fig. 1.) 
Knowing these three points we should 
require, in order to find the form of the 
transformed catenary, the modulus, or 
parameter m, of the catenarian curve 
from which our arch is to be transformed 
by alteration of the vertical ordinates. 

Calling, as before, y,=Oa, the depth 
of crown below the horizonal oz, and y, 
the ordinate, X/ at the point of support 
4 distant «=OX=the half span of the 
bridge from the vertex a, we have, 


x 
h slog. (#4 Y_4 
vp-log. (47/7 


and knowing the modulus m, we may 
then calculate readily our different 


stresses, &c. 
Let us take as our data a stone arch of 


(1) 





M= 
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180 feet span; then half span=x,=90. 
Let the height X/ (Fig. 1) be assumed 
to be 42 feet ; then, y, =42. 

Taking, then, a thickness of 6 feet for 
the arch-ring, ballasting and roadway, we 
get 42—6=36 feet as the rise of the arch, 
and y, is thus 6. Tabulating these data, 
we have, 

x,=90=OX, 
y, =42=0X, 
¥,= 6=Oa, 


(Fig. 1.) 


“e 


“ce 


and we have to find m=OA (Fig. 1) from | 


the formula (1), in which, substituting 


- : x 
the numerical values of the signs, we 
n 


have 
90 


—~"__— 42, /1764~«36 
hyp. log. (3+ /~s5 —35 
a 90 
~ (hyp. log. (7 + 6.9282) 
—— 90 -_——_—__—— 
~ hyp. log. 13.9282 
The hyp. log. of 13.9282 may be 
found from the common logarithm, which 
is 1.143895, in the usual way. It will be 
found to be 2.6339; substituting this in 


90 
263397316 ft. 


Thus, without any previous knowledge 
of the catenarian curve, the modulus may 
be found by simply knowing the span of 
an arch, the height from the springing of 
the intrados to the roadway, and the 
depth of arch-ring and loading at the 
crown, the formula (1) giving the result 
without difficulty. 

* So far, however, we have three points 
only in the intrados, namely, the crown 
and the two springings ; the curve of the 
arch requires calculating, and this must 


) 





the equation gives m= 


Fig.! 


be done by finding the vertical ordinates 
y, &c., corresponding to their respective 
abscissae 2, &c., which latter may be fixed 
upon at will. 

The formula for calculating the verti- 
eal ordinate y for any horizontal distance 
|@ from the crown is 


— 40 
ss 


x zr — z 
( m+e- m) the quantitiese m 


zx 
and e~ ;, having the values already stated. 





By fixing certain values to the quantity 
=< table may be readily calculated from 


which the corresponding ordinates y may 
be found for any catenarian curve what- 
soever, thus saving the labor of constant- 
ly working out the last equation. Such 





° ° x 
a table Rankine gives for values of — 
mm 


from 0, which corresponds with the vertex 
to 3.0, beyond which few arches, in stone 
iat least, are found to extend. A similar 
| table, calculated by the writer, is given 


, x 
| herewith, extending to — =4 
| ” 
| To caleulate the vertical ordinates for 
plotting upon the drawing of the arch 
| 
'( Fig. 2) set down any values of *ina 
m 
column as below. 

In the next column from the known 
| value of m=34.16, place the value of 2, 
which set off on the drawing, as shown 
‘from the middle ordinate y, ‘In the 


third column, headed 4, place these va- 


lues as found from Table IL. and y, being 
chosen in this case as 6 feet, set down in 
the fourth column the tabular number 
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from the third column multiplied by 6. | 
| correct loading, we must set off down- 


The results will then be the values of the 
vertical ordinates which are then to be 
set off on the drawing at their respective 
distances x from the vertex. 


Taste II. 
Data FoR CASE UNDER CONSIDERATION. 
m=34.16. y o=—6 

Abscissz. 


If <=. thenr—6.832 and 


13.664 
20.496 
27.328 
34.16 

40.992 
47.824 
54.656 
61.488 
68.32 

75.152 
81.984 


Ordinates. 
y 
—=1.02 .. y=6.12 
y ¥y 


0 
os -081 ‘* 6.486 

1854‘* 7.1124 
3373‘* 8.0238 
5431‘* 9.2586 
-8106*‘10.8636 
-1509**12.9054 
2.577415.4644 
3.1074°'18.6444 
3.7622°*'22.5732 
4.5679°‘27.4074 
2. 5.5569 ‘33.3414 
2. 88.816 6.769 ‘40.614 
Half span =90.000 7.000 ‘42.000 


The correctness of the calculations 


“cc 


“c “e 
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“ 


and plotting is readily judged by the ac- | 


euracy with which the curve drawn 


through the points thus formed comes | 


in with the originally chosen ordinate y, 
at the springing. If the curve does not 
come in fair it is proof of error in either 
the plotting or the calculations, which 
must be corrected. 

If we assume that the thickness of 
the arch stones at the crown is to be 4 feet, 
there would remain a depth of 2 feet 
below the directrix or road surface 
which may be occupied by walling mere- 
ly. Asa matter of fact, in practice such 


a slight depth as this would require to) 


be wholly solid, as the material for the 
roadbed would need at least this depth ; 
but the writer purposely chose the di- 
mension Oa (Fig. 1) as only 6 feet, in 


order that this point in designing might | 


be made clearer, and for a further consid- 
eration afterwards to appear. If the 
whole thickness of crown, 6 feet, was 


filled solid with masonry, it would be) 


necessary to fill the whole of the span- 


drills of the arch also solid to the road | 


surface, in order that the weight of every 
portion of the area aOX4 (Fig. 1) might 
be properly proportioned to the portion 
of the arch sustaining it; and, therefore, 
to comply with these conditions, we will 
assume that the arch crown is solid for 
a thickness of 4 feet only, the remainder 
being walled. In order, then, that the 


arch may every where be subjected to the 


wards on each ordinate yy, &c., a dis- 
| tance equal to ? of the distance from the 
directrix or road surface to the intrados 
‘of the arch. A curve KK drawn through 
the points thus found is then the bound- 
|ary up to which the solid backing of the 
‘arch must be carried, the upper third of 
_the ordinates being, as at the crown, par- 
tially filled by a series of walls, upon 
| which rests the roadway, which in the 
|present case we will suppose to be of 
\no weight to suit our otherwise incor- 
‘rectly chosen dimensions. It may be 
| added here that to correct the fault of 
|too small a thickness at the crown, a 
| higher roadway might have been taken, 
'or a less rise to the arch, so that Oa 
|should have been, say, 10 feet. If the 
roadway had been raised at the crown 
the extrados of the arch, in place of co- 
inciding with the directrix as now chosen, 
‘might have been, as Rankine states, 
“another transformed catenary having 
the same directrix.” Such, in fact is the 
extrados of the solid backing in the figure 
(Fig. 2). 

Assuming 120 lbs. per cube foot as the 
average weight of our arch and load as 
arranged, % solid and 4 in walls and 
| voids, we may calculate the thrust at the 
crown H, and springing H,. These are, 
| by definition, the same asin the catenary 
of origin, namely, H=2m’. 


| m? =$4,16°=1166.9, 
.*. H=140028 lbs. 


The thrust along the arch at the 
springing can only be known when the 
load P on the half arch is known. 


ed | 4 n) 
“se 2 


em—e m 
‘Now « at the springing = half the span 
or 90 feet. Therefore 
(vs--"5) 


10x 34.16x6 
90x.4343 


2 
34.16 


z x 


ia é m™m 


P 


zx 
.4343— 
m 


e"“=10 


xz 


horz. 10=1 .*. em= 
| Then 
anti log. of 1.144=13.932 and 
| the reciprocal =.072. 


=1.144 


om 
13.932 
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n=) (13.932—.072)=13.86 | 


zx 


*. P=12297.6 lbs. x 13.86=170445. 


Then the thrust along the arch at the 
springing 
=H,= /P*? +H? 
Log. P’=.46316, &e. .:. P?=29050, &c. 


Log. H’ =.292429, &e. .-. : 
Sum, 48658, &e. 


and 4/48658, &. = 220590=H, 


H, =220590 ) 
H =140028 


strain on each foot of breadth of arch, or 
11669 and 18382 lbs. per inch of breadth. 

With a factor of safety 10, and assum- 
ing 10,000 as crushing strain, the above 
is equivalent to about 114 and 18} inches 
respectively for depth of arch-ring as a 
minimum. 

The least thickness, according to the 
empirical formula, usually adopted for 


Thus pounds compressive 


keystone dimensions, is ¢=+/.12R and. 


this is greater than the mere crushing 
strain. If we assume that the arch is 
circular the radius of the crown R will be 
with a chord of 180 feet=2zx, and a 
versed sine or rise of 36 feet=v, thus ex- 
pressed, 


R=} (= +v)=130 ft. 6 in. 


Under this assumption the depth ¢ of 
the keystone ,/.12R would be ,4/15.66, 
or 3ft. 10fin.—practically 4 feet. Actu- 
ally, however, the crown radius of the 
catenarian arch is greater than the radius 
of a circular arch of same span and rise 
as shown in Fig. 2 where the circular 
arch is in dotted line. 

Taking the catenarian crown radius as 


2 
vod we have R=194.5, and ¢, therefore, 
becomes ¢= ,/23.34, or say 4ft. 10in., be- 
ing almost exactly five times the caleu- 
lated strength to resist crushing, and the 
springing depth on the same assumption 
must be 184in. x5, or 7ft. Sin. To ascer- 
tain if the line of pressures falls within 
the middle third of the thickness of the; 
arch-ring we take % of the depth of | 


crown=38%in., and K=4 the arch thick- | 


hess at the springing. Then 


H?=19608, &e. 


K Thrust at crown 
(383 Thrust at springing 
=.6363 .-. K=24}4 inches, (3) 


which shows that the depth of arch-ring 
at the springing must be 6 feet only, and 
the factor of safety is therefore less than 
at the crown but still largely in excess. 
The condition is therefore fulfilled, and 
the arch stable with these dimensions.* 

It is clear, by inspection of Fig. 2, that 

| at the point @ a circular arch falls within 

the true curve, and though this is not ap- 
parently the case to an unsafe extent, it 
appears to show at least a tendency to 
crush inwards at the haunches. It should 
not, however, be overlooked that as all 
arches on settling, after removal of the 
centerings, come down somewhat at the 
crown, and that in practice the extreme 
flatness of the true curve would be well 
modified, the form of the centerings lying 
somewhere between the true curve and 
the circular are, so that after settlement 
has taken place the arch may be correct. 

It would appear, also, that when the 

‘circular form is adhered to, the spandril 
filling may be lighter than for the ideal 
arch, so that the flatness about the 
haunches (at @) may be compensated by 
a corresponding reduction in the intens- 
lity of the pressure, and this may readily 
be accomplished by the thinning of the 
walls. 

In the case illustrated with the dimen- 
sions as purposely chosen to extend this 
point, the circular arch might, with ad- 
vantage, have been substituted for the 
catenary by reason of the fact already 
pointed out, that the thickness of the 
arch crown is so nearly equal to the 
depth v, of the crown ordinate, that, with 
the arch-ring and the roadway together, 
the whole depth y, would be solid mate- 
rial, and to keep up the conditions of 
equilibrium the whole spandril filling 





| 


*If it is specially desired to adhere to keystone 
depths exactly proportionate to thrusts along the rib, 
the value of K might be found as per formula (3) and # 
it does not come in within the middle third of the thick- 
ness of the arch ring, the f curve of the intrados may 
be modified accordingly. What is necessary under the 
requirement of the middle third theory is, however, 
merely that K should exceed a third of the springing 
thickness and be less than 3 the same. 

It will be noticeable also in Fig. 2 that the familiar 
| method of ascertaining the form of extrados by pro- 
| jection of the crown thickness upon the normal gives 
a thickness of arch ring which falls between the two 
results obtained by the formula 


_ H : 
} — and 3; 


H 
“Hy, 
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would require also to be solid up to the | 


horizontal line or directrix. 
dimensions the catenarian form could 
thus not be strictly adhered to without 
an unnecessary weight of masonry in the 
spandril filling. With an exactly equilib- 
rated arch in which an ample depth of 
keystone has been allowed by the empiri- 
cal formula already quoted it would seem 
that the true science of contraction 
would not demand any solid backing 
whatever, a mere spandril filling of light 
wall masonry being alone requisite to 
earry the borizontal roadway. In Fig. 2 
the crown thickness is drawn 4 feet only. 
The equal strength for the springing will 
thus be 4x ??=6.3ft., but the formula 
for K brings out ¢,=5ft. 2in. only. 

To illustrate the transformed caten- 
arian arch under other conditions, let the 
dimensions be 

Half span=x,=say, 80 feet, 
Rise of arch 30 
Depth of crown below directrix 
=16ft.=y,, 
Then y,=30+16 = 46ft. 

Finding the modulus m we have by the 
formula (1), 

80 


46 ,/2116. 
a / 
hyp. log-(75 +) 956 256 


vo 80 _ _80_ 

~ hyp. log. 5.57 1.7174 

Then as in previous example by the 
use of Table L., 


It —=. 
m 


se “ 


25 


)=46.58 ft. 


then 2=9.316 and 
‘* 18.632 
27.948 
37.264 
46.58 
55.896 


65.212 


4 -=1.02.". y=16.82 
” 1,081 “18.296 
1.1854°*17.946 
1.3373°*21.3968 
1.5431 **24.6896 
1.810628. 9696 
2.1509''34.4144 
74.528 2.577441.2384 
80.000 2.875 ‘46.000 
Assuming an average of 50 Ibs. per 
cubic foot for the whole area of land be- 
tween the intrados and the roadway, we 
obtain the thrust at crown H=wm’?= 
108484 lbs. per foot of breadth, or 9040 
Ibs. per inch of breadth of arch. 
The load on half arch per foot of 
breadth 


é 
ss 
“ee 
““ “ 
‘a 
“cc 
‘cc 
“cc 


“ee “ec 


r zr 


mwoy,{ § a 
=—P— =s"( e™—e-m 


| 


|“ =1.717. Hyp. anti. log. 1.717=5.57. 


=.1795 and 5.57—.1795 
= 5.3905 


.*. P=18732 x 5.3905=100975. 


The thrust along arch at, springing = H, 
=/ P* + H*=148200 or 12350 Ibs. per 
inch of breadth. 

With these stresses at a working stress 
of 1000 lbs. per square inch, the arch 
stones would require a depth of 9 inches 
and 12} inches at crown and at springing 
respectively. 


With such |; 


Recip. 5.57 


e 


2 
, .m id 
The radius at crown is —=135.6 feet, 
U 


the radius of a similar circular arch being 
121.6 ft. 

Taking the longest radius, the thick- 
ness of crown by empirical rule is 
t=/.12 135.6, or 4 feet, and ¢, at the 

H 


springing to be equally strong =4x H 
| = 5h feet. 

Testing the stability of the arch rin we 
| get 


| H 


K . a 
Fotis K=23.3 

This number, 23.3, if multiplied by 3 
will give 70 inches as the maximum 
depth of rib at springing. The line of 
pressure thus falls well within the middle 
third of the arch-ring at the springing. 
If 48 inches is considered to be the least 
thickness of ring at the springing we 
should find the smallest safe % of the key- 

— ae — 
stone depth thus “ns *: K=22, and 
22 is % of 33. The keystone depth 
would be thus not less than 2ft. 9in. 

The arch under notice is exceptional 
as regards the amount of surcharged 
weight, and the thrust along the arch at 
the springing is thus not so much in ex- 
cess of the thrust at the crown, as in the 
previous example. The first example is 
by no means uncommon in respect to 
the thickness of roadbed above the arch- 
ring. We have already noted that such 
aun arrangement is not correct, theoreti- 
cally, unless the spandril also is filled 
solid to the road level; but as the road- 
bed would be solid only for a short dis- 
tance, the result would not be serious, 
though it points to the desirability of 


a] 
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making the curvature somewhat sharper 
at the crown and flatter at the haunches 
than the theoretical linear arch. 

As an arch with immovable abutments | 


ary, an amount N in this case =6ft. din. 
—5ft. 2in.=14in., as shown by the short 
dotted line.* 

The largest span of any stone bridge 








cannot crush inwards at any point with-/is that of the Washington Aqueduct, a 
out absolute crushing of the material, or | single arch of 220 feet, the next being 
bulging outwards of some other part, it| Harrison’s famous bridge over the Dee, 
would also appear better on this score|at Chester, England, 200 feet. Both 
that the curvature of the crown should these are truly circular, and the Wash- 
be flatter than an absolutely correct arch | ington arch at the springing is, with its 
than that the haunch curvature should be | solid backing, as much as 20 feet in 
so, because, owing to the greater depth| thickness. In this way practical men 
and immobility of the load over the!have eliminated the effect of deviations 
haunches than over the crown, any ex-;in the line of pressures, for however de- 
cess of external load, such as the passage | signed and loaded, it is probable that 
of a heavy locomotive, would, if the curv-| with the careful bonding of the backing 
ature of the crown was too sharp, tend, | courses, a linear arch can be drawn within 
when the load was over the haunches, to | what may fairly be called the arch-ring; 
cause the crown to rise; and though, | and looking upon it in this light it appears 
again, when the load was over the crown, | that, so long as the linear arch falls be- 
it would also tend to force this in, it yond the intrados, and never within it, 
would not so readily do this, because of | zt. é., Within the archway itself and not 
the difficulty of forcing up the haunches|through the material of the arch-ring, 
on account of the weight of surcharge, | the arch should be practically safe. The 
and the variation of the true circle from |catenarian arch being theoretically de- 
the catenary at the haunches being in|signed to be an exact linear rib, it ap- 
the wrong direction, on the basis of the| pears almost superfluous to take into 
above hypothesis may be taken as indica-| consideration the possibility of rupture 
tive of the necessity of greater consider- _due to deviation of the line of pressure 
ation being bestowed upon the catenary beyond the middle third of the arch- 
as a figure for arches. | ring ; for, by the very theory of the de- 
There is no doubt but that friction| sign, the line of pressure of the whole 
plays a most important part as a pre- weight of both the arch-ring and the 
server of arches, especially when subject loading coincides at the intrados with 
to heavy passing loads; and vibration is | the intrados itself, and at the exterior 
to be avoided as destroying friction. Aj surface of the solid backing with that 
heavy surcharge of earth in preference to | exterior surface, if the backing has been 
or combined with spandril walling would, | correctly proportioned, and it would ap- 
both as a deadener of vibration and as|pear superorogatory to investigate the 
a means of increasing the ratio of dead | question of stability on this point, though 
to live load, tend to secure stability in an | Rankine, referring to this, says the “re- 
arch. sulting curve is simply the curve of the 
Between the limits of the two examples |intrados shifted vertically upwards 
we have worked out, possibly fall the ma-| through a height AB,” thus apparently 
jority of stone arches, so far as are con-|hinting that the process is necessary, 
cerned depth of loading at crown. jeven to a_ theoretically proportioned 
In the Example ITI. it must be under- | structure. 
stood that the catenarian curve has been| It may be questioned with some force 
straightway adapted as the actual intra- if the catenary curve can compare, in 
dos, the limit of the deviation of the lin- point of appearance, with the circle as a 
ear arch not exceeding g=4, while in ex- | figure for arches. If appearance is to be 
ample I., g being above } on the basis of considered, however, it is an easy matter 


(the arch-ring, to fulfill this double 





* Thus, the actual arch at the springing if designed 
to fulfill both the condition for K and to be also of 
ual strength throughout, would have a springing 
‘ menage 6 ft. a = a _ latter ——? om | 

. a : n place of having for intrados the true curve T—T an 
constructed to lie partially on either side for extrados the curve commencing C—C it would lie 


of the catenarian curve, the intrados at | between the two curves shown for a short distance 


Penge ° ong ° nly, and shaded, and of a thickness M=6 ft. 4’’ in. or 
the springing passing within the caten-'[6h.3iN)] 7 ” 


1 1 = 
condition, would require to have been ' th 
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to first design the true arch and then so 
proportion the thickness of the arch-ring 
that true arch may be contained within an 
intrados of circular form. It is evident, 
from Fig. 2, that it is the great weight 
over the haunches that renders possible 
the use of the flat crown of the caten- 
arian arch, and opponents of the form 
may urge that, by properly lightening 
the haunches of load, the circle may be 
as mathematically correct as the catenary. 

For arches of large spans, however, 
the catenary curve, presenting, as it does, 
a direct means of constructing an arch 
which shall fulfill the conditions of sta- 
bility if loaded in a manner at which it is 
easy to arrive, and which presents no 
difficulties of execution, appears to solve 
much of the difficulty of the arch ques- 
tion: and it is certain that the headway 
of a catenarian arch, being greater than 
that of a circular arch at a little above 
the springing, tells somewhat in its favor. 

The circle may be more eye-pleasing in 
the opinion of many, but the writer be- 
lieves that the truer form of the catenary 
is not displeasing to engineers generally. 

In iron structures a notable example 
of conformity to correct forms is to be 
seen at Manchester, England, the single- 
span roof over the Central Station being 
constructed of a series of latticed ribs of 
catenarian form of large span. These 
ribs spring, in reality, from the ground 
line, though this is to a certain extent 
concealed by the sidewalls of the station, 


put in chiefly for effect, and the ribs for 
some height above the springing are stiff- 
ened by being solid plated. This struct- 
ure is a distinct concession to the re- 
quirements of ideal form in engineering 
construction, and worthy of special no- 
tice by engineers. 

It is noticeable, however, in the arch 
of Fig. 3 the circle coincides so nearly 
with the catenarian intrados as to be 
practically identical with it; but this is 
not often the case, the depth of crown 
load being here exceptional. In this re- 
spect the catenary bears resemblance to 
its fellow curve, the hydrostatic, in re- 
|quiring the designer’s attention chiefly 
when the arch crown approached the di- 
rectrix, and as at great depths the intrados 
of a tunnel approximates to the circular 
form (modified only by the angle of re- 
pose of the earth), so does the caten- 
arian arch also approach the true circle. 
Hence it is easy to see that the stability 
which practice has shown to be the fea- 
ture of a deeply-surcharged arch, may 
not be due altogether to the frictional 
stability caused by the load, but partially 
to the coincidence of the actual intrados 
with the ideal rib. 

In conclusion, the writer would add 
that if what he has written serves in any 
way to draw attention to the neglect by 
engineers of true forms, wherewith at 
least to analyze the conditions of their 
actual constructions, he will feel that he 
has not written in vain. 








HEAT ACTION OF EXPLOSIVES.* 


From “Iron.” 


Tue sixth of the course of lectures on 
“Heat in its Mechanical Applications ” 
was delivered at the Institution, by Cap- 
tain Andrew Noble, C. B., F. R. S., M. I. 
C. E. The lecturer commenced by point- 
ing out that the salient peculiarities of 
some of the best-known explosives might 
roughly be defined to be the instantane- 
ous—or, at least, the extremely rapid— 
conversion of a solid or fluid into a 
gaseous mass, occupying a volume many 
times greater than that of the original 
body, the phenomenon being generally 

* Abstract of a lecture before the Institution of Civil 
Engineers. 


|accompanied by a considerable develop- 
ment of measurable heat, which heat 
|played a most important part, not only 
in the pressure attained, if the reaction 
took place in a confined space, but in the 
‘energy which the explosive was capable 
of generating. Fulminates of silver and 
‘mercury, picrate of potassa, gun-cotton, 
| nitroglycerine and gunpowder, were cited 
as explosives of this class. The lecturer 
‘asserted that substances such as those 
just named were not the only true ex- 
|plosives. In these solid and liquid ex- 
plosives, which consisted generally of a 
| substance capable of being burnt, and a 
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substance capable of supporting combus- 
tion, in, for example, gun-cotton or gun- 
powder, the carbon was associated with 
the oxygen in an extremely condensed 
form. But the oxidizable and oxidizing 
substances might themselves, prior to 
the reaction, be in the gaseous form ; as, 
for instance, in the case of mixtures of 
air or oxygen with carbonic oxide, of 
marsh gas with oxygen, or of hydrogen 
and oxygen. He added that these bodies 
did not complete the list, and that, under 
certain circumstances, many substances 
ordinarily considered harmless must be 
included under the head of explosives, 
making a reference to finely divided sub- 
stances capable of oxidization, or certain 
vapors which when suspended in, or di- 
luted with, atmospheric air, formed mix- 
tures which had been the cause of many 
serious explosives. 

These instances served to show that 
an explosive might be either solid, liquid, 
or gaseous, or any combination of these 
three states of matter. In the first place, 
a brief account was given of the sub- 
stances of which some explosives were 
composed, illustrated by the composition 
of one or two well-known types. In the 
second place, the lecturer showed the 
changes which occurred when explosives 
were fired, and gave the substances 
formed, the heat developed, the tempera- 
ture at which the reaction took place, and 
the pressure realized, if the products 
were absolutely confined in a strong 


enough vessel ; relating the experiments | 
which had been made, and the apparatus | 


which had been used, either to ascertain 


or to verify the facts required by theory, | 


He further supposed all the explosives to 
be placed in the bore of a gun, and 
traced their behavior in the bore, their 


action on the projectile, and on the gun | 


itself. He also described the means and 
apparatus that had been employed to as- 
certain the pressure acting on the pro- 


agent, the main objection being that if a 
kilogramme of gunpowder, forming a 
portion of a charge for a gun, was as- 
sumed to occupy a liter or a decimeter 
cubed, a kilogramme of hydrogen, with 
the oxygen necessary for its combustion, 
would at zero and at atmospheric press- 
ure occupy a volume sixteen thousand 
times as great. 

The lecturer next passed to gun-cotton, 
described its composition and the various 
forms in which it was manufactured, re- 
ferring especially to the forms which 
were so largely due to Sir Frederick Abel. 
The various forms of gun-cotton were 
exploded, and the lecturer remarked on 
the small quantity of smoke formed, as 
an indication of the small amount of 
solid matter in the production of combus- 
tion. Also, that instead of the explo- 
sions which took place when gaseous 
mixtures were fired, gun-cotton appeared 
rather to burn violently than explode. 
‘Lhis was due to the ease with which the 
nascent products escaped into the atmos- 
phere, so that no very high pressure was 
set up; but it was pointed out that by a 
small charge of fulminate of mercury, or 
other means, a high initial pressure was 
produced, and the harmless ignition 
shown would be converted into an ex- 
plosion of the most violent and destruc- 
tive character. This transformation dif- 
fered materially from those which he had 

hitherto considered. In both of these 
the elements were, prior to ignition, in 
the gaseous state, and the energy liber- 
ated by the explosion was expresscd di- 
rectly in the form of heat. In the present 
instance a very large but unknown quan- 
| tity of heat disappeared in performing 
| the work of bringing the products of ex- 
| plosion to the gaseous state. 

Captain Noble then showed that gun- 
powder, the last and most important ex- 
/ample selected, was also by far the most 
' difficult to experiment with, as well as 


jectile and on the walis of the gun, and| the most complicated and varied in the 
to follow the motion of the projectile in| decomposition which it underwent. One 
its passage through the bore. He men-| great advantage for the artillerist which 
tioned that the potential energy stored up| gunpowder possessed, in being a mix- 
in a mixture of hydrogen and oxygen ture, not a definite chemical combination, 
forming water was, if taken with refer-| was that when fired it did not explode in 
ence to its weight, higher than that of| the strict sense of the word. It could 
any other known mixture, and explained | not, for example, be detonated as could 
why such an explosive, whose compon- | gun-cotton, or nitro-glycerine, but it de- 
ents were so readily obtainable, was not | flagated with great rapidity, that rapid- 
employed as a propelling or disruptive! ity varying with the pressure under 





12 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





which the explosion was taking place. As 
a striking illustration of the effect of 
pressure in increasing or retarding com- 
bustion, he showed an experiment de- 
vised by Sir Frederick Abel. It consist- 
ed in endeavoring to burn powder in 
vacuo, and he demonstrated that it 
would not burn until sufficient pressure 
was reached. He exhibited the various 
forms under which gunpowder was 
manufactured, and ignited some samples 
of powder, pointing out the essential dif- 
ference between their combustion and 
that of gun-cotton, namely the large 
quantity of what was commonly called 
smoke slowly diffusing itself in the air. 
He also exhibited a portion of the so- 
called smoke of a charge of 15 lb. of 
powder, collected in a closed vessel. 


Captain Noble next described at some} 


length the experiments made with gun- | 
cotton and gunpowder by Sir. Frederick 
Abel and himself. With reference to the 


course were followed, much would be 
lost and little gained. The bores of 
guns would be destroyed in a very few 
rounds. There was no difficulty in mak- 
ing guns to stand pressures much higher 
than those to which they were normally 
'subjected, but then they must be in a 
| serviceable condition. Nine-tenths of the 
failures of guns with which he was ac- 
quainted had arisen, not from inherent 
weakness of the guns when in a perfect 
state, but from their having, from one 
cause or another, been placed in a condi- 
‘tion in which they were deprived of a 
\large portion of their initial strength. 
|He added that, with a given weight of 
| gun, a higher effect could be obtained if 
the maximum pressure was kept within 
moderate limits. He stated that the 
actual pressure reached by the explosion 
of gun-cotton experimented with by Sir 
Frederick Abel and himself, assuming 
the gravimetric density of the charge to 





latter he reiterated their opinion that,|be unity, would be between 18,000 and 
except for instructional purposes, but | 19,000 atmospheres, or say 120 tons on 
little accurate value could be attached to|the square inch. While at the same 


any attempt to give a general chemical | density, in a closed vessel with ordinary 
. . | ws - 
expression to the metamorphosis of a; powder, the pressure reached about 


gunpowder of normal composition. He) 6,500 atmospheres, or about 43 tons on 
further pointed out that heat played the| the square inch, he had found it pos- 
whole réle in the phenomena. He ex- | sible to measure the pressure due to the 
plained that a portion of this heat, to| explosion of charges at considerably 
use the old nomenclature, was latent; it| higher density, and had observed press- 


could not be measured by a calorimeter ; | 


that was, it had disappeared or been | 
consumed in performing the work of) 
placing a portion of the solid gunpowder | 


in the gaseous condition. A large por- | 
tion remained in the form of heat, and | 
performed an important part in the ac- 
tion of the gunpowder on a projectile. 
After describing the apparatus used by | 
Sir Frederick Abel and himself, Captain | 
Noble illustrated the progress that had | 
been made in artillery by mentioning that 
thirty years ago the largest charge used | 
in any gun was 16 lb. of powder. ‘The 
32-pounder gun, which was the principal | 
gun with which the navy was armed, 
tired only 10 lb.; but he had fired and 
absolutely retained in one of these ves- 
sels, no less a charge than 23 Ib. of pow- | 
der and 5 lb. of gun-cotton. | 

The lecturer next referred to erosion 
and its effects, and added that he was 
not one of those who advocated or re- 
commended the use of gunpowder giving 
very high initial tensions. 


|axis of abscisses. 


ures of nearly 60 tons with a density of 
about 1.2. 

The lecturer then considered the case 
of a charge of gunpowder placed in the 
chamber of a gun; he supposed the 
gravimetric density of the charge to be 
unity, that it was fired, and that it was 
completely exploded before the shot was 
allowed tomove. He exhibited on a dia- 
gram a curve indicating the relation be- 
tween the tension and the density of the 
products of combustion when employed 
in the production of work ; and observed 
that in this diagram the tension was rep- 
resented by the ordinates, the expansions 
by the abscissas, and the energy de- 
veloped by any given expansion was de- 
noted by the area between the corre- 
sponding ordinates, the curve, and the 
He said that if this 
theoretic curve was compared with the 
curve deduced from experiments in the 
bores of guns, after the charge might be 
supposed to be completely consumed, the 


If such a| agreement was most remarkable, and af- 





forded ample evidence of the approxi- 
mate correctness of the theory. He had 
stated that he could not agree with those 
who were in favor of the strongest— 
meaning by the term the most explosive 
—powder manufactured. To show the 
advance that had been made by moving 
in exactly the opposite direction, he ex- 
hibited diagrams of two guns of precise- 
ly the same weight, but differing in date 
by an interval of ten years. One of these 
guns was designed to fire the old-fash- 
ioned R. L. G., the other, modern pow- 
ders. The maximum pressure in the 
older gun was nearly double that in the 
modern gun, while the velocity de- 
veloped by the latter was twice, and the 
energy not far from three times, that of 
the former; and if the foot-tons per 
inch shots’ circumference were taken to 


represent approximately the respective | 


penetrating powers of the projectiles, the 
superiority of the modern gun would be 
still more apparent. He directed atten- 
tion, however, to one point. The new 
gun was as a thermo-dynamic machine 
much less efficient than the old. This 
arose chiefly from the fact that although 
the new gun was absolutely much longer 
than its rival, it was, taken in relation to 
the charge, much shorter; that was, the 
gases were discharged at the muzzle at a 
much higher tension. 

It remained to consider the total 
amount of energy stored up in explo- 
sives. In the case of the most important 
—gunpowder—he stated that the total 
energy stored up was about 340,000 
kilogrammeters per kilogram of powder, 
or, in English measure, a little under 500 
foot-tons per lb. of powder. He said 
that if the potential energy of 1 lb. of 
gunpowder was compared with that 


stored up in | lb. of coal, his audience | 


being accustomed to the enormous press- 
ures developed by gunpowder, might be 
somewhat astonished at the results of the 
comparison. The potential energy of 1 
lb. of gunpowder was as nearly as pos- 
sible 5 of that of 1 lb. of coal, and ;\; of 
that of 1 lb. of hydrogen. It was not 
even equal to the energy stored up in the 
carbon which formed one of its own con- 
stitueuts. As an economic source of 
power, coal had the advantage by at 
least two thousand to one. He had stated 
that the total theoretic work of gun- 
powder was a little under 500 foot-tons 
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per lb. of powder, but it might be desir- 
able to mention what proportion of this 
theoretic work was realized in modern 
artillery. He concluded by arguing that, 
were it necessary to urge the claims of 
the modern science of thermo-dynamics, 
he might take, as perhaps the most strik- 
ing instance, the progress of artillery 
during the last quarter of a century. 
Twenty-five years ago our most powerful 
piece of artillery was a 68-pounder, 
throwing its projectile with a velocity of 
1,600 feet per second. Since then the 
weight of our guns had been increased 
from 5 tons to 100 tons, the projectile 
from 68 lb. to 2,000 lb., the velocities 
from 1,600 feet to 2,000 feet per second, 
the energies from 1,100 foot-tons, to over 
52,000 foot-tons. Large as these figures 
were, and astonishing as were the ener- 
gies which in a small fraction of a second 
could be impressed on a projectile of 
nearly a ton weight, they sank into the 
most absolute insignificance when our 
projectiles were compared with other 
projectiles, velocities, and energies exist- 
ing in nature. Helmholtz had given an 
estimate of the heat that would be de- 
veloped if the earth were suddenly 
brought to rest, but if, looking at the 
earth in an artillery point of view, and 
following the principles he had laid 
down, the earth was considered as an 
enormous projectile, and if it was sup- 
posed further the whole energy stored 
up in gunpowder could be utilized, there 
would yet be required a charge 150 times 
greater than its own weight, or 900 times 
greater than its volume, to communicate 
to the earth her orbital motion. 
aint cain 

A German mile—about five English 
25,856 ft.; a square Ger- 
man mile contains therefore 6684 million 
square feet. The superficial area of the 
Lake of Constance being 84 German 
square miles, therefore contains 5682 mil- 
lion square feet. There are living on the 
surface of the globe at this moment, in 
round numbers, about 1,430 million hu- 
man beings. Let every man have 4 square 
feet allotted to him, and if it were frozen 
over, the whole human family might find 
standing room upon the surface of the 
lake. Should the weight prove too great, 
the ice break, and the whole human race 
be submerged, it would only raise the 
level of the lake about 6 in. 
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TEMPERATURE OF THE SUN. 


By Pror. DEV 


OLSON WOOD. 


Contributed to Van NostRAND’s ENGINEERING MAGAZINE. 


In the last March number of this jour- 
nal is an article by Capt. J. Ericsson, 
taken from Nature, in which occur the 
following statements, page 180: “Had 
Pouillet known that solar radiation, after 
suffering a two thousand five hundred 
and seven-fold diffusion, retains a radiant 
energy of 520° F., he would not have as- 
serted that the temperature of the solar 
surface is 1760° C. Accepting Newton’s 
law that the temperature is as the dens- 
ity of the rays, the temperature imparted 
to the heater of the sun motor proves 
that the temperature of the solar surface 
cannot be less than 520° x 2507=1,303, 
640° Fahr. No demonstration 
whatever has yet been produced tending 
to prove that the said law is unsound. 

‘ The temperature produced by 
radiant heat emanating from incandes- 
cent spherical bodies diminishes as the 
diffusion of the heat rays.” 

The law that “the intensity of heat di- 
minishes as the square of the distance 
from the radiant increases,” here referred 
to as Newton’s law, is applicable only to 
the case where the radiant body is con- 
sidered as a mere point; and even in 
those cases the law does not give the 
temperature of the incandescent body. 
The law is sufficiently accurate for finite 
distances from the radiant point, but at 
the point it gives an infinite temperature 
in all cases ; whereas the radiant, in prac- 
tice, has only a moderate temperature. 
To be applicable to the sun it must be 
considered as a point, instead of a heated 
surface 400,000 miles from its center. 
Even if the sun be considered as a uni- 
formly heated mass, the law will not be 


applicable to it; hence the computation | | 


given by Capt. Ericsson gives an errone- 
ous value for the temperature. We know 
of no way of finding the temperature 
founded on that method. The heat re- 
ceived by his sun motor emanated from 
all the points of the solar surface seen 
from the earth, which will be somewhat 
less than the surface of a hemisphere of 
the sun. 


Experiment shows that the quantity of 
heat emanated from an incandescent 
body increases more rapidly than the 
temperature, and that the law deduced 
by M. M. Pettit and Dulong is given by 
the equation 

Q=1.146 fat 


Where ¢ is the temperature in degrees 
centigrade of the hot body, Q=1.0077, 7 
the emissive power of the surface, its su- 
perior limit being unity, and 7 the quan- 
tity of heat per square centimeter emit- 
ted per minute, being the number of 
grammes of water raised 1° C. in one 
minute. Newton’s law cannot be substi- 
tuted for this. Assuming f=, Pouillet 
found the probable temperature of the 
sun’s surface to be 1760° C. A recent 
determination of the solar constant, by 
Professor Langley, would, by the same 
process of analysis, give over 5000° 
Fahr. 

One Rosetti makes the following re- 
mark: “The effective temperature of 
the sun may be defined as that tempera- 
ture which an incandescent body of the 
same size placed at the same distance 
ought to have in order to produce the 
same thermal effect if it had the maxi- 
mum emissive power. If we consider 
the surrounding temperature during the 
observation to have been 240°, we obtain 
. . . for the effective temperature 
9965.4° C. I think then I may 
fairly conclude that the temperature of 
the sun is not very different from its ef- 
fective temperature, and that it is not 
less than 10000° C., nor much more than 
20000° C.” ( Phil. Mag., 1879, Vol. IL., 
». 548; or American Journal Science 
and Arts, 1870, IL, 68.) 

In regard to this result, it appears that 
the surrounding temperature was as- 
sumed too high. Assuming that the tem- 
perature measured in the sun’s rays is 
125° F., and that the atmosphere ab- 
|sorbs } the heat, we would have about 
| 156° F. for the intensity of the heat if 
|none were absorbed by the atmosphere, 
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and this is nearly 70° C., instead of 240°; | 


and taking ;%, of the above results gives 
from 3000° C to 6000° C, nearly; the 
smaller of which does not differ largely 
from the corrected value of Pouillet. 


One can scarcely conceive of the in- 
tense thermal effect produced by a tem- 
perature of 5000° F. It is equivalent to 
melting 164 miles thick of ice per day on 
the sun’s surface; and each square foot 
of the surface would require the hourly 
consumption of more than 1800 pounds 
of coal to maintain this heat. 


The expression, in the above extract, 
“radiant energy of 520° F.,” is unintel- 
ligible, since energy is not so measured. 


The implication that Pouillet did not 
take into account the diffusion of the 
rays, is unjust, for that scientist leaves 
no doubt on that point, as may be seen 
in his paper on pages 32 and 33 of 
Comptes Rendus for 1838. 

We see no reason for seriously ques- 
tioning the method of Pouillet. The ab- 
sorption of the atmosphere varies with 
the different wave lengths of light, and 
as measured by Professor Langley ranges 
from 0.20 to 0.61. Taking the mean as 
the average absorptive power of the at- 
mosphere, we conclude, according to 
the method of Pouillet, that the tempera- 
ture of the solar surface is less than 6000° 
Fahr. 





NOTE ON OPTICAL THEORY OF THE STADIA. 


I. O. BAKER, Professor of Civil Engineering, University of Illinois. 


Contributed to VAN NosTRAND’s ENGINEERING MAGAZINE. 


Ix the April number, current year, of 
this Magazine there appeared an article 
on the stadia, in which exceptions are 
taken to the ordinary deduction of the 
formula for the stadia, but which only 
confounds wisdom with words, and no 
understanding. The author of that 
article was misled by the statement of 
the text-books, which usually precedes 
the formula for convex lenses, that 
“neglecting the thickness of the lens, 
the formula becomes 

1 ” 


1 i} 
en St 


It is well known that several approxi- | 


mations are involved in the production 
of the common formula for convex lens; 
but if any one will take the trouble to 
follow the effect of these approximations 
through to the final result, he will find 
that they nearly neutralize each other. 
See, for example, Silliman’s Physics, 
pages 321 and 323. 

Although the author of that article 
discovered that his second formula, as 
above, was not exact, he failed to notice 
that his first also involved an approxima- 
tion. He first assumes that the incident 
and emergent rays intersect in the 
optical center; this neglects the lateral 


displacement of the ray due to its pas- 
| sage through the lens. If the approxi- 
|mations involved in this assumption be 
\also followed through, it will be found 
that they tend to neutralize the error of 
the second equation. 


The analytical investigation of the ef- 
fect of the approximations involved in 
the two fundamental equations, used for 
the stadia, is too long to be reproduced 
here, even if it were necessary, besides 
the writer had no time to attempt it; but 
having so investigated it, a few years 
ago, he is prepared to assert that the 
resulting error in the final formula used 
for the stadia is wholly inappreciable. 





Finally the author of the article in ques- 


‘tion, seems to think that the errors de- 
/pend upon the number and form of the 
‘component lenses in the objective. The for- 
/mula for a convex lens is true for any 
| converging lens or combination of lenses, 


‘and the more closely the optical center 
|approaches one face, the more accurate 
| the formula, provided this face is placed 
|toward the cross-hairs, as it should be 


| under any circumstances. 


If we wish to compute the coefficient 


F 


1@ 


in the stadia formula for the horizontal 
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distance D = . s + (f+), it is not suf- 


ficiently exact to determine f by meas- 
uring directly from the lens to the focus 
for parallel rays; it should be deter- 
mined by measuring the distance be- 


tween the object and its image when the |/ 


two are equal in size and equally distant 
from the lens, one-fourth of this dis- 
tance is equal to 7, no matter what the 


mined in this way, but as showing that 
no appreciable error is involved in the 


formula D =Ls4(t+e). Of course, it is 


better to measure the larger quantities, 
D and s, and compute the coefficient 


7 therefrom. Almost any measurement 


of f and e¢ is accurate enough for the 


term ce); but if we choose, 
form of the lens. If / be determined as (7+); but if we choose, we may 


above, and i carefully measured, the for- | consider both - and (f+¢) as unknown, 
mula will give results correct to the 
limits of the accuracy of the observa- 
tions themselves. The writer made a/|two equations from ent and (f + ¢) 
very satisfactory test of this principle by , é 
measuring under a microscope the dis-|™ay be determined. For greater accu- 
tance between the threads of an astron-|?acy, determine several values of each 
omical transit, and computing the equa-|#0d take the mean. 
torial intervals from the value of f 
determined as above ; the actual intervals ——. 
as determined astronomically, agreed 
within the limits of the error of the} [Since writing this article, the June 
observations. number of this Magazine has been re- 
The writer would not be understood | ceived, which contains a surprisingly 


as advocating that 2 should be deter-| brief and elegant analytical discussion 
é fully confirming the above. ] 


when two measures of D and s will give 








DISCHARGE OF STREAMS IN RELATION TO RAINFALL. 


By TIMOTHY AUGUSTINE COGHLAN, Assoc. M. Inst. C. E. 
From Selected Papers of the Institute of Civil Engineers. 


Tue country watered by the Upper,;above sea-level, the most noteworthy 
Nepean, Cordeaux and Cataract rivers, | ‘peaks being Mounts Keera and Kembla, 
comprises an area of 354 square miles, | opposite the town of Wollongong. The 
the mean length from north to.south be-| average elevation of the basin is prob- 
ing about 25 miles, while the width from ably not less than 1,200 feet above 
east to west is on the average 16 miles.|the sea. On the eastern side of the 
It is for the most part uninhabitable, basin, to the lee of the mountains, the 
and has been reserved by the Govern- | country is flat ; numerous swamps retain 
ment of New South Wales as the source | the water, and serve to some slight ex- 
from which the city of Sydney, with its | tent as a storage reservoir, by equalizing 
suburbs, is in future to derive its supply | the flow and gradually feeding the tribu- 
of water. The area included within the | tary streams at the head of the rivers. 
catchment of these rivers lies on the;The swamps occur chiefly in the Cata- 
western side of the range of mountains | ract part of the watershed, and though 
constituting the watershed between the | considerable in themselves, ‘do not occu- 
Nepean Valley and the Illawarra district, | py a very large portion of the area. The 
and is in no place distant more than 20) remainder is a rugged plateau intersected 
miles from the Pacific Ocean. The ridge | by steep and broken ridges, which some- 
forming its eastern boundary is known | times rise perpendicularly from the beds 
as the Illawarra or Mittagong range, and |of the streams. The whole country is 
has an average height of about 2,000 feet' barren; the surface-soil is poor, resting 
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in many places almost directly on sand- 
stone, which crops out on the sides and 
tops of the spurs of the hills and in the 
beds of the streams. Vegetation is rep- 
resented by stunted varieties of eucalyp- 
tus and epacris, though the scrub is im 
many places thick; in the valleys and 
other choice spots the common gum- 
trees attain goodly proportions. 

The main branch of the Nepean rises 
at the extreme south of the watershed 
at a point nearly 2,400 feet above the 
level of the sea, whilst the sources of the 
Cordeaux and Cataract have an elevation 
of about 1,400 feet. The rivers, though 
they rise far apart, converge till the 
Cordeaux unites with the Nepean at the 
Pheasant’s Nest Pass, after a course of 
about 24 miles, the length of the Nepean 
being about 30 miles. Below the junc- 
tion of these rivers a weir was erected to 
gauge their united waters. The Cataract 
approaches the Nepean nearly at right 
angles, and at Broughton’s Pass, 20 miles 
from its source, at the site of a weir, it 
is only 4} miles distant from that river. 
Here a tunnel is being pierced to divert 
part of the Nepean and Cordeaux waters 
to the Cataract, to be thence conducted 


to Sydney. 
Both the Pheasant’s-Nest and Brought- | 
on’s Pass are gorges in the sandstone 


hills, their sides rising sheer. The fall 
along the bed of the Nepean is about 70 
feet, and of the Cataract nearly 60 feet 
per mile. The rivers near their sources 
descend from the hills in miniature cas- 
cades. The lay of the basin of these 
rivers is north and east. ‘To this must 
be attributed the equable fall of rain 
over the basin. The records of a long 
series of years establish the fact that 
the rain is more copious near the coast 
than inland, and that the average depth 
of rain at a particular place generally de- 
pends on its distance from the sea. 

At Sydney the heavy rainfalls, brought 
by the south-east winds, are attributable 
to the peculiar situation of the adjacent 


district forming part of a region of pre- | 


cipitation, of which the Nepean and Cat- 
aract basin is the extreme south, Long 
since, the Government Astronomer of 
New South Wales pointed out that on 
the border of the south-east trade, as on 
that of the north-east, there is a belt of 
calms, or changeable winds, and that the 
polar side of this belt is the region of 
Vout. XXXI.—No. 1—2 


precipitation. Port Macquarie, in lat. 
32° 47’, is usually the limit of the south- 
east trade wind on the New South 
Wales coast. Then southward for a few 
degrees the rainfall is excessive. The 
configuration of the Nepean and Cataract 
basin is, moreover, such as to promote 
the discharge of the rain brought by the 
trade-winds; while, on the‘other hand, 
the clouds gathered by the southerly 
winds discharge their moisture on the 
western or lee side of the coast ridge, 
which has just sufficient elevation to ob- 
struct the passage of the clouds and fa- 
cilitate precipitation. 

Rain gauges have been established at 
various points in the river basins. The 
values in Table I. are not for one place, 
but the adjusted means for the whole 
district, giving due weight to the area 
represented by each gauge. The annual 
fall of rain varies from 75 inches to 34 
inches. ‘lhe average fall since 1869 has 
been about 54 inches at the Cataract 
river, while at the Nepean it has been 
only 4414 inches, or about 82 per cent. of 
the former. ‘This average holds good 
both for a series of months and years, 
the excess on the Cataract basin being at- 
tributable to its closer proximity to the 
sea, the dividing ridge being there only 
3 miles distant from the Pacific Ocean, 
and also to its trending towards the di- 
rection from which the heaviest down- 
pour comes. Table I. shows the propor- 
tion of water falling on the two basins. 

The area of the Nepean basin is about 
284 square miles, and of the Cataract 
about 70 square miles, the proportion be- 
ing as 4.06to1. The average rainfall is 
0.825 to one; thus the proportion of 
rainfall over the Nepean area to that of 
the Cataract is as 3.35 to 1. 

The heaviest rain observed during any 
month was in February, 1873, when 22.43 
inches fell on the Cataract, and 19.78 
inches on the Nepean basin; the least 
was in April, 1871, when 0.24 inch, and 
0.10 inch of rain fell at these places. 
Most of the rain falls from February to 
July, though heavy rains sometimes occur 
in September and October. Excessive 
falis are often due to great rain-storms 
in the latitudes just beyond the south- 
east trades. On the 26th of February, 
1873, 11 inches of rain were recorded in 
24 hours ; but cases have been known at 
| Sydney where a depth of 20 inches has. 
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fallen in 24 hours. The average number | 54 inches, or 66 per cent. This would 
of rainy days for the year is one hun-|be, of course, impossible, in view of the 
dred and forty; the number of days of| volume yielded to the streams; but 
continuous rain has been twenty-six, and | there are many causes operating to dim- 
periods of seven days continuous rain |inish evaporation, by preventing the di- 
are not unfrequent. Droughts are, un- rect action of the sun, so that in all like- 
fortunately, also of long duration ; thus, | lihood the water re-evaporated does not 
from July, 1875, to April, 1876, a period | amount, on the average, to much more 
of two hundred and eighty-seven days, | than 33 per cent. of the rain, the remain- 
the total depth of water falling on the|der, after deducting the stream dis- 
Nepean basin was only 14.93 inches, and | charges, escaping underground. No rule 
from February to October, 1872, being | can be laid down in regard to this mat- 
two hundred and thirty-five days, only | ter, as the possible evaporation i is always 
10.43 inches fell. The longest time with- | greatest when the rain is least, the maxi- 
out rain was about twenty “days. mum rainfall being accompanied by the 
The annual evaporation varies from 70| minimum of evaporation. The observa- 
to 30 inches, the mean being 48 inches. | tions seem to indicate that in years of 
These figures are somewhat in excess, as abundant rain, not more than 15 per 
the circumstances under which measure-| cent. of the rain is re-evaporated, the re- 
ments to ascertain evaporation are made| mainder going to feed the streams or 
bear little analogy to that of water from | being absorbed by the soil. In years of 
lakes, swamps or streams. Bearing this | low rainfall the amount of evaporation is 
in mind, the annual evaporation “from | from 50 to 60 per cent., while during 
water exposed to the direct effect of the| average years 33 per cent. would repre- 
sun may be taken as about 36 inches.| sent the rain thus lost. Regarding the 
But in a country covered with thick | disposal of rain underground, part is re- 
scrub, as here, evaporation from the) turned to the rivers by springs through 
ground is not so considerable as is some- | crevices in the rocks, part is absorbed by 
times supposed. Rain is effective, not| vegetation, and part is carried away 
so much in direct proportion to the vol-| through fissures in the rocks or breaks 
ume falling as according to the distribu-| in the strata to places below the streams. 
tion of that volume. For instance, at the| Tunnels and openings in the Sydney 
Cataract river 75 inches in 1873 producd | sandstone show that waste from this last 
less discharge than 64 inches in 1870; | source is considerable. 
again, 54 inches, which fell in each of the | Convenient points were chosen for the 
years 1871 and 1874, gave rise to almost| erection of the weirs, the rivers being 
the same discharge, while a similar depth | dammed by planks of Oregon pine, 24 
of rain in 1875 produced much less flow. \inches thick, bolted to the rock in the 
In regard to the exceptional discharge of | bed of the river and calked with oakum. 
1870, in the months during which the | The notch at the Cataract was 3 feet 6 
greater part of the rain fell, it rained | inches, and at the Nepean 10 feet wide, 
nearly every day; the ground was satu-| both being 1 foot deep. The formula 
rated, and the water ran off in streams | given by Rankine, 
before evaporation and soakage could! =5.35e1 
take place. During 1874 the discharge | Q=5.35c bh} 
was high; the previous year had been|was used in calculating the discharge 
wet, particularly 1 in the latter months, and | when the water falling over the wier was 
in the first six months of 1874 a consid- | less than 1 foot deep, ce being considered 
erable depth of rain also fell, the latter | | as 0.598 ; thus the formula reads 
half year being dry. In 1875, though the | 
first period of the year was wet, the pre- 
vious months of 1874 had been dry, ied | When the water rose over the top of the 
the rain was for that reason not effective. | notch to a moderate height, the discharge 
With regard to the ultimate destina-| was tuken as that of a drowned weir. 
tion of the rain, assuming 44 per cent. | Elaborate observations were made to as- 
to pass off by streams, as will hereafter | certain the discharge of the rivers when 
appear, the depth of water annually evap-|in flood; various cross sections were 
orated is 36 inches out of a rainfall of taken, and the velocities measured at the 





=b h 3=cubic feet per second. 
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different flood heights when opportuni- 
ties offered, and the results for each 
cross section were compared. The in- 
clinations of the rivers were also record- 
ed at suitable points, the probable dis- 
charges calculated therefrom, and the 
new results compared with the former 
ones and with one another, and in this 


way a table of the probable discharge at. 


each foot in height was arrived at. The 
results hereafter stated may be consid- 
ered fair approximations of the discharges 
of the rivers. 

Gaugings were commenced towards 
the close of the year 1868, and they are 
still carried on. From this period of 
upwards of fourteen years, during the 
interval from July, 1869, to June, 1876, 
which has been selected as containing il- 
lustrations of all the circumstances that 
need remark, the average annual depth 
of rain was 53.99 inches on the Cataract 
basin, and 44.28 inches on that of the 
Nepean, the proportion being as 1 to 
0.823 ; but as the area of the basin of the 
former river was hardly one quarter of 
the latter (,%;), the proportion of rain 
falling on each district was as 1 to 3.34. 
The average yearly discharges were 24,- 
484,000,000, and 80,383,000,000 gallons, 
equivalent to 24.14 and 19.54 inches of 
rainfall respectively, or, allowing for the 
superior area of the Nepean, as 1 to 3.28. 

The records of rainfall and disharge 
for any particular year show that the dry 
years are somewhat in favor of the 
smaller area, while the wet years give 
either corresponding results, or are in 
favor of the Nepean. It has been usual 
to assume that the proportions would be 
in favor of the smaller area, this propor- 
tion being reckoned as a to A$, where a= 
discharge per unit of the smaller, and A 
that for the larger area. The observa- 
tions taken at the Nepean and Cataract 
rivers, on the contrary, indicate that the 
total flow of water from similar districts 
is in proportion to the volume of the 
rainfall and the area of each district, 
bearing in mind always that there is no 
great disparity in the two areas. The 
proportion between rainfall and discharge 
is, in the case of the Cataract, 44.7 per 
cent., while in the Nepean it is 44.1 per 
cent. for an extended period, including 
every condition of flood and drought. 
This is a much larger proportion than is 
generally reckoned on; but, if there be 








any error, it is on the side of being short 
of the full quantity, owing to the rapid- 
ity with which freshets rise in districts 
of heavy rainfall, and the difficulty of 
measuring their volume. The average 
of freshets is about 54 per cent. of the 
rainfall, while, after the ground has be- 
come saturated with previous rain, the 
volume discharged is nearly equal to the 
quantity of rain falling. In dry seasons 


\'the volume of the streams bears but a 


small proportion to the depth of rain, 


from 10 to 12 per cent. being the average 
‘yield. 
‘sons between the two streams in regard 
| to the rainfall and the flow due to that 


The tables show various compari- 


rainfall, from which it is evident that 
their discharges, notwithstanding the 
difference in drainage areas, is in pro- 
portion to the rainfall, the dry periods 
being decidedly in favor of the smaller 
area; but the quantity of rainfall and 
water carried off by the streams in 
droughts is so small that when the whole 
is comprised the discrepancy is not 
shown. 

Rejecting the incomplete years 1869 
and 1876, it will be seen in the Nepean 
River, when arranged (a) according to 
the rainfall, (4) the discharge, and (ce) the 
proportion of rain discharged (the years 
giving the largest results being placed first 
on the list), that for the Nepean River 
the years come in the order shown in 
Table II. The result of the grouping 
shows that the greatest rainfall is attended 
by the greatest discharge, and also by the 
greatest proportion of discharge to rain- 
fall; and not only so, but the years fol- 
low in every case in their proper order. 
Of course this cannot be looked upon as 
other than a coincidence, remarkable 
certainly, but still only a coincidence. 
Turning now to the Cataract, the years 
in the same way are as shown in ‘Table 
III. This is satisfactory, except in re- 
spect to 1873, which was a year of abund- 
ant rain, though the flow was not pro- 
portionate to the rain. The deduction 
to be derived from this and tue preceding 
Table is obvious. The quantity of water 
carried off by a stream is not directly 
proportional to the rainfall; but the 
greater the quantity of rain falling within 
a given time, the greater is the percent- 
age of that rain carried off by the 
streams. 

In rainy periods the greatest floods» 
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TaBLe I.—SnowinG Proportion oF RAtnFaLtt DiscHARGED BY EACH RIVER. 





Discharges in 


Rainfall. Inches of Rain. 


| Cataract. | Nepean. | Cataract. Nepean.| Cataract. Nepean. 


Proportion 
of Nepean 
Discharge 
to Cataract 
Discharge. 


Per Centage of Rain | Proportion 
| Discharged. | of Nepean 
TE Seek | Rain to 

| Cataract 

| Rain. 





1.82 
43.66 
21.23 

6.85 
28.40 
17.30 
13.79 

1.44 


4.48 
43.30 
26.54 
10.53 
32.58 
27.33 
20.42 


4.84 


12. 
64. 
43. 
34 


77 
01 
36 
387 


14. 
64. 
53. 
40. 
75 

54.38 
54.36 
21.30 


35 | 
16 | 
70 
23 
08 | 57.49 | 
2 50 
.28 
5.06 


40 .8* 
100.8 


14.3 89.00 
.20 
00 | 
93 | 
9.40 
.70 
33.40 
00 | 


31. 
67. 
49. 
26. 
43. 
50. 
37. 
22. 


22 
48 
42 
17 
38 
25 
6 

74 


| 





Average) 53.99 28 | 2414 19.54 


44.70 .10 





* Six months. 





TaBie II].—NeEpPEAN River. 


‘as 
(ce) Proportion 
(4) Discharge.) of Rainfall to 
Discharge. | 


(a) Rainfall. 


Taste III.—Cararacr River. 


| 
(ec) Proportion 
of Rainfall to 
| Discharge. 


(a) Rainfall. | (b) Discharge. 





1870 
1873 
1871 
1874 
1875 
1872 


1870 
1873 
1871 
1874 
1875 
1872 


1870 
1873 
1871 
1874 
1875 
1872 





not only actually, but proportionately to!) 
area of basin, were experienced first in 
the Nepean, notwithstanding its area 
was four times as large as that of the ad- 
jacent stream, though during the whole 
time of flood almost similar proportions 
of the rain were measured as given off by 
the two streams. This may be account- 
ed for by the existence of large swamps 
in the Cataract district, which act as 
flood moderators, whereas in the Nepean 
very little of the rain is retained by the 
swamps; to this fact, likewise, must be 
attributed better results from the dry- 
weather discharge of the Cataract. 
Experience elsewhere has led to the 
conclusion that flood volumes are propor- 
tionately greater for smaller areas, and 
formulas have been constructed on this 
basis ; but the experience derived from 
streams in New South Wales does not 
favor this assumption, though it may be 
correct in the main. The great floods of 
the Nepean rise 60 feet, but remain at 
that height only a short time; for in- 





1870 
1874 
1871 
1873 
1875 
1872 


1870 
1873 
1874 
1871 
1875 
1872 


1873 } 
1870 | 
1874* | 
1875* | 
1871* | 
1872 | 





* Nearly equal. 


stance, on the 23d of February, 1873, the 
Nepean flowed 1.20 foot over the sill of 
the weir, on the 24th 4.15 feet, on the 25th 
about the same, but on the 26th a depth 
of 55 feet of water was measured at eleven 
o'clock, and of 60 feet later in the day ; 
twenty-four hours afterwards the depth 
was 30 feet ; on the 28th the river ran 10 
feet deep, gradually falling to 4 feet five 
days afterwards. The quantity passing 
down during the height of the flood in 
twenty-four hours was probably 30,000,- 
000,000 gallons, which would make the 
coefficient ¢ in the formula, 


®—cX27 (M) 4 


equal to 120, instead of 28, as usually 
adopted. 
By Fanning’s formula, where 


&=200 (M) §, 


=cubic feet per second, andM=area of 
watershed in miles, the result is about 12,- 
000,000,000 against 30,000,000,000 gals., 
asabove stated. This wasan extraordinary 
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instance, floods in general being not 
more than 40 feet over the sill, giving a 
daily discharge at the top of the flood of 
about 18,090,000,000 gallons, a quantity 
much beyond the scope of the formula. 

The Nepean River, therefore, hardly 
comes within the limits contemplated 
by the authors of these formulas, though 
in the Cataract there is a nearer approach 
to the result derived from the formula. 
In the latter stream the flood rises 24 
feet, and discharges a volume in twenty- 
four hours of 3,787,000,000 gallons, while 
the formula of Fanning gives 3,768,000,- 
000 gallons. 

No attempt is here made to bring flood 
volumes within the bounds of a rigid 
mathematical formula, there being no 


| 


\less 


agreement between the two rivers to ad-| 


mit of such, especially as the principle, 
that the floods of the larger area are pro- 
portionately less than those of the 
smaller, would be violated. 


But though | 


in isolated floods no agreement is observ- | 
able, yet in the general results of large) 
and small flows, as compared with the. 


rainfall, there is ample evidence of the 
operation of fixed laws. 
From the 28th of August 1869, when 


both streams were low, till the first of | 
May, 1876, the end of a long continued | 


drought, a succession of freshets occurred 
over periods of time varying from three 
hundred and six to fourteen days, alter- 


nating with intervals of small flow, the 


longest of which was 287 days. The 
total quantity of rain causing floods or 


freshets during these periods was, in the | 


Cataract River, about 290.98 inches, of 
which 153.86 inches, or about 53 per 
cent., flowed over the sill of the weir. 
In the Nepean basin 239.87 inches fell, 
and 124.17 inches, or 52 per cent., of 
this quantity passed down the stream, the 
percentage being nearly the same in each 
case. The largest ratio of flow to rain- 
fall in the Cataract was nearly 70 per 
cent., the least for any considerable time 
was 26.6 per cent. In the Nepean the 
largest proportion was 67.76 per cent., 
the lowest 23.6 per cent. The total 
time occupied by freshets was eleven 
hundred and sixty-two days, and that 
reckoned as ordinary flow was eleven 
hundred and one days. The average 
rainfall for the Cataract during freshets 
was 0.25 inch per day, the quantity car- 
ried off giving an equivalent of 0.133 





inch per day. At the Nepean the aver- 
age rain amounted to 0.207 inch, the 
greatest discharge being equivalent to 
a little more than 0.107 inch. The 
author's measurements show that dur- 
ing freshets the proportion of water 
carried off by a stream is greater or 
according as the time during 
which the freshets last is longer or 
shorter, other things being equal. This 
law is apparent in the whole series from 
1868 to the present time. 

The formula, used by the author for 
the calculation of the quantity of water 
due to freshets from natural drainage 
districts of moderate size, is an empirical 
one, but can be relied on fairly well 
within certain limits ; it is 


P=tcR'”. 


Where P = inches of rainfall discharged 
by streams. 
= coefficient for time, the value 
of which is governed by the 
length of time the freshets 
last. 
e = coefficient of rainfall vary- 
ing with the quantity of rain. 
R= average daily rainfall in 
inches during freshet. 

Not less important than the observa- 
tion of streams in flood is the determina- 
tion of their ordinary flow; in fact the 
latter is of greater moment to an engi- 
neer seeking for an efficient water supply. 
For the eleven hundred and one days of 
ordinary flow, the rainfall was 73.74 
inches at the Cateract, and 59.42 at the 
Nepean river. being an average daily fall 
of 0.070 and 0.055 inch. The rain yielded 
a gross equivalent flow of 8.73 and 5.90 
inches, or a percentage of 11.8 in the 
one case, and of 10.0 in the other. 
Statements of the different low discharges 
are arranged in the order of occurrence 
in Tables IV. and V. Both these tables 
are to some’ extent inconsistent. ‘The 
cause lies in the difficulty of determining 
the exact time when a dry period begins. 
No matter how low the water may be in 
the streams, there is always some water 
due to the wet period preceding the dry 
one. This cause of error also operates 
in rainy weather, but not to a serious 
extent, as the water due to previous rain 
forms but a small portion of the whole 
flow, whereas in the case of low discharges 
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Taste IV.—Cararact RIver. 





Rainfall. 
Length of Low 


| 


| Discharge. 





Discharge. 


Total. Per Day. 


| 


Equivalent of Rain.|Proportion to total rain. 





190 day s. 
194 
162 sé 
34 
17 
13 
54 
20 
147 


287 


0.081 inch. 
0.076 
0.040 
0.048 
0.016 
0.020 
0.060 
0 104 
0.059 
0.090 


15 44 inches. 





7.6 per cent. 
9 73 


w 
ne ell ol 


WoH Pee 





7 
7 





TaBLe V.—NEPEAN RIvEr. 





Rainfall. 


Total. 


Per Day. 


Length of Low 
Discharge. 


Discharge. 





l 
Equivalent of Rain. Proportion to total rain. 





14.74 inches. 
10.63 
§.21 
is 
0.23 
0.38 
2.38 
1 42 
7.67 
14.93 


0.077 inch. 
0.055 
0.082 
0.057 
0.013 
0.030 
0 052 
0.061 
0.052 
0.052 


190 d: ay s. 
194 
162 


““ “ 


287 





1.61 inch, 
1.18 
0. 55 
0.19 
0.08 
0.09 
0.38 
0.11 
0.68 
1.04 


per cent. 











this item may be a factor sometimes to 
the extent of 50 per cent. The practice 
followed by the author is to count as 
available only 10 per cent. of the rainfall 
for periods of small flow up to one 
hundred fifty days; for the succeeding 
fifty days the amount taken is 8 per cent.; 
for the following fifty days, 6 per cent., 
and for the next fifty days, 4 per cent. 
This gives three hundred days in a period 
of exceptional drought. The above is 
less than the practice genereally obtain- 
ing elsewhere, but it is warranted by the 
frequently great heat of the dry sum- 
mers. During the drought in 1875-76, | 
which lasted for more nine months, the 
discharge at the Nepean river in the first 
half of the period, after deducting the 
water due to previous rainfall, was equal 
to about 9 per cent. of the rain; whilst 
during the latter part of the discharge | 
was only equal to 4 per cent. The! 


Cataract during the time yielded a still 
smaller percentage. 

The conclusion to be drawn from the 
gauging in season of small flow is, that 
for periods of like rainfall the discharge 
of the streams is greater or less, accord- 
as the time over which the rainfall extends 
is or less greater. This general rule is 
subject to modification from various 
causes, the chief being the extent of 
evaporation, and the volume of rainfatl 
within short periods, sueh exceptions 
not invalidating the general principles 
laid down as to relative discharges. 

Regarding the economical size of the 
channel to deliver water from streams to 
a storage at some distanca, it is difficult 
to define exact rules, as the useful dis- 
charge depends greatly upon the equable 
distribution of the rain throughout the 
year, and on the retention of large quan- 
tities of water in swamps, sand-drifts, or 
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l 
such like natural reservoirs, until delivr- 
ed to the streams, when they begin to 
fall off in volume. 

Perhaps as good an example of natural 
storage as could be found is afforded by 
the Botany and Lachlan swamps, whence 
the city of Sydney at present draws its 
supply of water. The swamps and sand- 
drifts now comprise an area of about 8 
square miles, though for years the area 
supplying Sydney was not more than 53 
miles. From the latter area a supply of 
water has been drawn equal to about 18 
inches of rain, while the total depth of 
rain on the average is not much more 
than two-and-a-half times that quantity. | 
From the Ist of January to the 8th of 
April, 1876, the latter portion of the 
drought, during which scarcely 12 inches 
of rain fell in nine months, and only 4.10 
inches in the above-named period, the 
water in the swamps was carefully 
gauged, and it was ascertained that the 
amount drawn off for consumption was 
about 400,000,000 gallons ; the volume of, 
water by evaporation in excess of rain- 
fall may be taken at 116,000,000, whilst 
the quantity available within the dams at. 
the end of the period was 51,000,000) 
gallons, giving a total of 567,000,000. 
gallons used or available for use during | 
period. Against this quantity is to be 
set the water in the various reservoirs | 


stream be taken as a standard, and a 
channel be assumed as capable of carry- 
ing off the whole of this quantity, pro- 
vided the stream was of the same dimen- 
sion each day, the actual discharge of 
such a channel would be about 41 per 
cent. of the whole discharge of the 
stream, the remaining 59 per cent. not 
being available from the floods bringing 
down a far greater body of water than 
the channel could carry off, even though 
its capacity were equal to the mean dis- 
charge. If the capacity of the channel 
were one half the mean daily discharge, 
it would convey 26 per cent. of the total 
discharge. A channel equal to oue- 
fourth of the mean daily flow would carry 


off nearly 17 per cent. of that quantity ; 


while a channel, with a capacity equal to 
one-eighth the mean discharge, would 
convey 10 per cent., and one equal to 
one-twentieth would yield very nearly 5 
per cent., or about as much as its maxi- 
mum discharge. 

The formula used by the author in 
establishing the economical size of chan- 


nel is 
_ {Rk >) 
o=(5x7 
where ®= the equivalent in inches of 


rain that would be carried down by a 
channel equal to the mean daily discharge 


upon the Ist of January, 1876, which | of the stream; R = the rainfall during 
amounted to 173,000,000 gallons, leaving | any year, and D=the discharge for such 
394,000,000 gallons unaccounted for. | year in inches of rain. For any channel 
This represents an equivalent of about of less capacity than the average daily 
7 inches of rain over the whole available | discharge, the formula becomes 
Botany portion, comprising an area of 4 R D 
square miles. It was drawn entirely | =e (= +z) 
from the sand, and as the water-levels on | 12° 4 
the inner side of the dams were reduced, | where @=quantity conveyed by channels 
the water pouring in from the sand in-| of various sizes, C being the coefficient 
creased in volume, so that in April the | varying with the size of channel. The 
discharge was 500,000 gallons per day! yalue of ¢ for a conduit equal to the 
more than at the beginning of the year, | daily average of the stream feeding the 
whilst the rainfall was so small as to be} egnduit is 1.00. Table VI. 
negligible. 
In the Nepean and Cataract rivers an | 
equable fiow depends almost entirely | 
upon the distribution of the rain ; thus | 
at the Cataract, 75 inches of rain in 1873 | 
were of very little more value for water- | BP - 
supply than 54 inches in the following 
year. This was owing to the rainfall in| 
1874 having been better distributhd than| Where the proportion between R and 
in the previous year. |D is known, bs is frequently the case, 
If the average daily volume of a’ the formula becomes 


Taste VI. 

c=0.835 
c=0.634 
ss c=0.380 
6 c=0.253 
se =0.160 
“ =0.118 
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o_o +3n) R | agreeing with those the whole period 
_ 12 . from 1869 to the dresent time. 

, The formulas and conclusions are in- 
where n R=discharge D; ® and R as | tended in the first place to illustrate the 
above; ¢ being the coefficient varying |conditions of flow in small mountain 
with the size of the conduit. streams in Few South Wales; but the 

The interval to which direct reference | circumstances connected with the Austra- 
is made in this paper only extends from lian climate are not, as is often assumed, 
1869 to 1876; but the whole period | very different from those which obtain in 
during which gaugings have been taken | other parts of the world, and it is there- 
has been used for correcting formulas, | fore probable that the experience ac- 
or for the purpose of comparison, the | quired in New South Wales may be of 
mean results for the restricted period | use in similar circumstances elsewhere. 





THEORY OF MAGNETISM.* 
By PROF. D. E. HUGHES, F. R. S. 


From “ English Mechanic and World of Science.” 


Tue theory of magnetism, which I pro- | magnetized ; also that magnetism would 
pose demonstrating this evening, may be|tend to take off twists or mechanical 
termed the mechanical theory of magnet- | strains of all kinds—together with the re- 
ism, and, like the now well-established | searches of Matteucci, Mariana, De la 
mechanical theory of heat, replaces the| Rive, Sir W. Grove, Faraday, Weber, 
assumed magnetic fluids and elementary | Wiedemann, Du Moncel, and a host of 
electric currents by a simple, symmetri- | experimenters, including numerous pub- 
cal mechanical motion of the molecules of | lished researches by myself—all tend to 
matter and ether. |show that a mechanical action takes 

That magnetism is of a molecular na-| place whenever a bar of iron is magnet- 
ture has long been accepted, for it is evi- ized, and that the combined researches 
dent that, no matter how much we divide | demonstrate that the movement is that of 
a magnet, we still have its two poles in| molecular rotation. 
each separate portion; consequently we! De la Rive was the first to perceive 
can easily imagine this division carried so this, and his theory, like those of Weber, 
far that we should at last arrive at the| Wiedemann, Maxwell, and others, is 
molecule itself possessing its two dis-| based upon molecular rotation. Their 
tinctive poles; consequently, all theories | theories, however, were made upon in- 
of magnetism attempt some explanation | sufficient data, and have proved to be 
of the cause of this molecular polarity, | wrong as to the assumed state of neutral- 
and the reason for apparent neutrality in | ity, and right only where the experiment- 
a mass of iron. |al data clearly demonstrated rotation. 

The influence of mechanical vibrations| I believe that a true theory of magnet- 
and stress upon iron in facilitating or dis- | ism should admit of complete demonstra- 
charging its magnetism, as proved by tion, that it should present no anom- 
Matteucci, 1847, in addition to the dis- jalies, and that all the known effects 
covery by Page, 1837, of a molecular | should at once be explained by it. 
movement taking place in iron during its| From numerous researches I have 
magnetization, producing audible sounds, | gradually formed a theory of magnetism 
and the discovery by Dr. Joule, 1842, of entirely based upon experimental results, 
the elongation of iron when magnetized, | and these have led me to the following 
followed by the discoveries of Guillemin, | conclusions : 
that an iron bar bent by a weight at its) 1. That each molecule of a piece of 
extremity would become straight when | iron, as well as the atoms of all matter, 
aera solid, liquid, gaseous, and the ether it- 


ee - . ~ J 
* A lecture delivered before the Royal Institution, , z 
slightly condensed. ‘self, is a separate and independent mag- 
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net, having its two poles and distribution 
of magnetic polarity exactly the same as 
its total evident magnetism when noticed 
upon a steel bar-magnet. 

2. That each molecule, or its polarity, 
can be rotated in either direction upon 
its axis by torsion, stress, or by physical 
forces such as magnetism and electric- 


ity. 

"3. That the inherent polarity or mag- 
netism of each molecule is a constant 
quantity like gravity; that it can neither 
be augmented nor destroyed. 

4. That when we have external neu- 
trality, or no apparent magnetism, the 
molecules or their polarities arrange 
themselves so as to satisfy their mutual 
attraction by the shortest path, and thus 
form a complete closed circuit of attrac- 
tion. 

5. That when magnetism becomes 
evident, the molecules or their polari- 
ties have all rotated symmetrically, 
producing a north pole if rotated in a 
given direction, or a south pole if rotated 
in the opposite direction. Also, that in 
evident magnetism we have still a sym- 
metrical arrangement, but one whose 
circles of attraction are not completed ex- 
cept through an external armature join- 
ing both poles. 

6. That we have permanent magnetism 
when the molecular rigidity—as in tem- 
pered steel—retains them in a given di- 
rection, and transient magnetism when- 
ever the molecules rotate in comparative 
freedom—as in soft iron. 


EXPERIMENTAL EVIDENCES. 


In the above theory the coercive force 
of Poisson is repiaced by molecular rigid- 
ity and freedom; and as the effect of 
mechanical vibration, torsion and stress 
upon the apparent destruction and facili- 
tation of magnetism is well known, I will, 
before demonstrating the more serious 
parts of the theory, make a few experi- 
ments to prove that molecular rigidity 
fulfills all the requirements of an assumed 
coercive force. 

I will now show you that if I magnet- 
ize a soft iron rod the slightest mechani- 
cal vibration reduces it to zero; whilst in 
tempered steel or hard iron the mole- 
cules are comparatively rigid, and are 
but slightly affected. The numerous ex- 
perimental evidences which I shall show 
prove that whilst the molecules are not 





completely rigid in steel, they are com- 
paratively rigid when compared with the 
extraordinary molecular freedom shown 
in soft iron. (Experiments shown.) 

If I now take a bottle of iron filings, I 
am enabled to show how completely 
rigid they appear if not shaken; but the 
slightest motion allows these filings to 
rotate.and short-circuit themselves, thus 
producing apparent neutrality. Now I 
will restore the lost magnetism by letting 
the filings slowly fall on each other under 
the influence of the earth’s magnetic 
force ; and here we have an evident proof 
of rotation producing the result, as we 
can ourselves perceive the arrangement 
of the filings. (Experiment shown.) 

If I take this extremely soft bar of 
iron, you notice that the slightest me- 
chanical tremor allows molecular rotation, 
and consequent loss or change of polar- 
ity; but if I put aslight strain on this 
bar, so as to fasten each molecule, they 
cannot turn with the same freedom as 
before, and they now retain their sym- 
metrical polarity like tempered steel, even 
when violently hammered. (Experiment 
shown.) 

We can only arrive at one conclusion 
from this experiment, viz., that the reten- 
tion of apparent magnetism is simply due 
to a frictional resistance to rotation ; and 
whenever this frictional resistance is re- 
duced, as when we take off a mechanical 
strain, or by making the bar red hot, the 
molecules then rotate with an almost 
inconceivable freedom from frictional 
resistance. 


CONDUCTION, 


You notice that if I place this small 
magnet at several inches’ distance from 
the needle it turns in accordance with 
the pole presented. How is the influence 
transmitted from the magnet to the 
needle? It is through the atmosphere 
and the ether, which is the intervening 
medium. I have made a long series of 
researches on the subject, involving new 
experimental methods, the results of 
which are not yet published. One re- 
sult, however, I may mention. We know 
that iron cannot be magnetized beyond a 
certain maximum, which we call its satu- 
ration point. It has a well-defined curve 
of rise to saturation, agreeing completely 
with a curve of force produced by the 
rotation of a bar magnet, the force of 
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which was observed from a fixed point. 
I have completely demonstrated by 
means of my magnetic balance that our 
atmosphere, as well as Crooke’s vacuum, 
has its saturating point exactly similar 
in every respect to that of iron: it has 
the same form through every degree. We 
cannot reduce or augment the saturating 
point of ether; it is invariable, and equals 
the finest iron. We may, however, easily 
reduce that of iron by introducing fric- 
tional resistance to the free motion of its 
molecules. 

From consideration of the ether hav- 
ing its saturating point, I am forced to 
the conclusion that it could only be ex- 
plained by a similar rotation of its atoms 
as demonstrable in iron. 

Reflection would teach us that there 
cannot be two laws of magnetism, such 
as one of vibrations in the ether and ro- 
tations in iron. We cannot have two 
correct theories of heat, light, or mag- 
netism ; the mode of motion in the case 
of magnetism being rotation, and not vi- 
bration. 

Let us observe this saturation point of 
ether compared with iron. I pass a 
strong current of electricity in this coil. 
The coil is quite hot, so we are very near 
its saturation. I now place this coil ata 
certain distance from the needle (8in.) ; 
we have now a deflection of 45° on the 
needle. I now introduce this iron core, 
exactly fitting the interior previously 
filled by the ether and atmosphere. Its 
force is much greater, so 1 gradually re- 
move this coil to a distance, where I find 
the same deflection as before (45°). This 
happens to be at twice the distance, or 
16in., so we know, according to the law 
of inverse squares, that the iron has four 
times the magnetic power of the ether. 
But this is only true for this piece of 
iron; with extremely fine specimens of 
iron I have been enabled to increase the 
force of the coil forty times, whilst with 
manganese steel containing 10 per cent. 
of manganese it was only 30 per cent. su- 
perior. We see here that the atmosphere 
is extremely magnetic. Let us replace 
the solid bar by iron filings. We now 
only have twice the force of ether. Re- 
place this by a bottle of sulphate of iron 
in a liquid state: it is now a mere frac- 
tion superior to the atmosphere; and if 
we were still further to separate the iron 


reasonable to suppose that if we could 
isolate the iron gas from that of ether, 
that iron gas would be strongly diamag- 
netic, or have far less capacity than ether, 
owing to the great separation of its 
molecules. These are assumptions, but 
they are based upon experimental evid- 
ences, which give them value. 

Let us quit the domain of assumption 
to enter that of demonstration. Here I 
have a long bar of neutral iron. If I 
place this small magnet at one end, we 
notice that its pole has moved forward 
3in., having a consequent point at that 
place. Let us now vibrate this rod, and 
you notice the slow but gradual creeping 
of the conduction until at the end of two 
seconds it has reached 14in. The mole- 
cules have been freed from frictional re- 
sistance by the mechanical vibrations, 
and have at once rotated all along the 
bar. Let us repeat this experiment by 
heating the rod to red heat. You notice 
the gradual creeping or increased con- 
duction as the heat allows greater mole- 
cular freedom. Let us now again repeat 
this experiment by sending a current of 
electricity through the bar. You notice 
the instant I touch the bar with this 
wire, conveying the current through it, 
that we have identically the same creep- 
ing forwards, no matter what direction 
of the current. If you simply looked at 
the effects produced, you conld not tell 
which method I had employed; either 
mechanical vibrations, heat vibrations, 
or electrical currents. Consequently, 
knowing the two first to be modes of 
motion, it is fair to assume that an elec- 
trical current is a mode of motion, the 
manner of which is at present unknown ; 
but that there is a molecular disturbance 
in each case is evident from the experi. 
ments shown. 


NEUTRALITY. 


If I take this bar of soft iron, intro- 
duce it in the coil, and passa strong elec- 
tric current through the coil, you notice 
that it is intensely magnetic, holding up 
this large. armature of iron and strongly 
deflecting the observing needle. I now 
interrupt the current, the armature falls, 
and the needle only shows traces of the 
previous intense magnetization. What 
has become of this polarity, or what has 
caused this sudden neutrality ? Coulomb 





molecules, as in a gaseous state, it is 


supposes that the magnetic fluids have 
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become mixed in each molecule, thus 
neutralizing each other. Ampere sup- 
poses that the elementary currents sur- 
rounding each molecule have become 
heterogeneous. De la Rive, Wiedemann, 
Weber, Maxwell, and all up to the pres- 
ent time have accounted for this disap- 
pearance as a case of mixture of polarities 
or heterogeneous arrangement. 

My researches proved to me that neu- 
trality was a symmetrical arrangement ; 
I stated this in my paper upon the the- 
ory of magnetism to the Royal Society 
last year. I have since made a long se- | 
ries of researches upon this question, 





and at present there seems no polarity. 
I now pour dilute nitric acid upon it, fill- 
ing up the vase. The exterior is now 
being dissolved, and in a few minutes you 
will see a strong polarity in the steel, as 
the exterior reversed polarity is dissolved 
in the acid. 

Let us observe this by a different 
method. I take two strips ‘of hard iron, 
and magnetize them both in the same di- 
rection. 

If I place them together and then sep- 
arate them, there seems no change, al- 
though in reality the mere contact pro- 
duced a commencement of reversal. Let 


which demonstrate beyond question—1. | us vibrate them whilst together allowing 
That a bar of iron under the influence | the molecules greater freedom to act as 
of a current or other magnetizing force | they feel inclined ; and now, on separat- 
is more strongly polarized \ on the outside | | ing, we see that one strip has exactly the 
than in the interior; that its degree of | ‘opposite polarity to the other, both ex- 


penetration follows the well- defined law | 
of inverse squares up to the saturation | 
point of each successive layer. 2. The| 
instant that the current ceases a reaction 
takes place, the stronger outside react- 
ing upon the weaker “inside, completely 
reversing it, until its reversed polarity 
exactly balances the external layers. 

We might here suppose that there ex: | 
isted two distinct polarities at the same | 
end of a neutral bar, but this is only par-| i 
tially true, as the rotation of the mole- | 
cules from the inside to the exterior is | 
a gradual, well-defined curve, perfectly 
marked. In a large solid bar the reversed 
polarity would be in the interior ; but in 
a thin bar, under an intense field, the re-, 
versed polarity would be on the outside. | 
Thus, a bar which had previously strong | 
north polarity under an external influ 
ence would, the instant it formed its neu- | 
trality, have a north polarity in the inte- 
rior covered or rendered neutral by an 
equet’south exterior, the sum of both 
giving the apparent neutrality that we 
notice. 

If I take this piece of soft steel and 
magnetize it strongly it has a strong re-| 
maining magnetism, or only partial nen- | 
trality. If I now heat this steel to red- | 
ness, or put it into a state of mechanical | 
vibration, the remaining magnetism al- | 
most entirely disappears, and we have ap- | 
parent neutrality. This piece of steel 
being thin (4 millimeter), I know that | 
the outside is reversed to its previous 
state. I place this piece of steel in a 
glass vase near the observing needle, 


tremely strong, but the sum ‘of which, 
when placed together, i is zero, or neu- 
trality. 

Let us take two extremely soft strips 
placed together and magnetized whilst 
together. On withdrawal of the indu- 
cing force the rods are quite neutral. 

We now separate these strips, and find 
‘that one is violently polarized in one di- 
‘rection, whilst the other is equally strong 
in the reversed, the sum of both being 
again zero. 

“We might suppose that the reaction is 
‘due to having separate bars. I will now 
demonstrate that this is net the case by 
‘magnetizing this large }-in. bar with a 
magnetizing force just sufficient to ren- 
‘der the rod completely neutral when 
‘held vertically or under the earth's mag- 
netic influence. 

You notice that it is absolutely neu- 
tral, all parts as well as the ends showing 
not the slightest trace of polarization. I 
reverse this bar, and you perceive that it 
is now intensely polarized. This is due 


‘to the fact that the earth's influence un- 


covers or reverses the outside molecules, 
and consequently they are now of the 
same polarity as its interior. Upon re- 
versing this rod the magnetism again 
| disappears, and reappears if turned as 
| previously. We have thus a rod which 
appears intensely magnetic when one of 


/its ends is lowermost, whilst if that same 


end is turned upwards, all traces of mag- 


/netism disappear. 


INERTIA. 


I have remarked in my researches that 
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the molecules have true inertia, that they 
resist being put in motion, and if put in 
motion will vanquish an opposing resist- 
ance by their simple momentum. To il- 
lustrate this I take this large ?-in. bar 
magnetize it so that its south pole is at 
its lowest end. We know that the earth’s 
influence is to make the lower end north. 
I now gently strike it with a wooden 
mallet, and the rod immediately falls to 
zero. I continue these blows, but the 
rod obstinately refuses to pass the neu- 
tral line to become north, the reason be- 
ing in so doing it would have to change 
the whole internal reversed curve that I 
have discovered. It requires now ex- 
tremely violent and repeated blows from 
the mallet to make it obey the earth’s in- 
fluence. 

Let us repeat this experiment by start- 
ing the molecule rapidly in the first in- 
stance. The rod is now magnetized 


south, as before. I give one single sharp 
tap; the molecules run rapidly around, 
pass through neutrality, breaking up its 
curve, and arrive at once to strong north 
polarity. 

A very extraordinary effect is shown if 
we produce this effect by electricity ; it 


then almost appears as if electricity it- 
self had inertia. I take this bar of hard 
iron and magnetize it to a fixed degree. 
On the passage of the current you notice 
that the magnetism seems to be increased 
as the needle increases its are, but this 
is caused by the deflection of the elec- 
tric current in the bar. The current is 
now obliged to travel in spirals, as my re- 
searches have proved to me that electric- 
ity can only travel at right angles to the 
magnetic polar direction of a molecule, 
consequently in all permanent magnets 
the current must pass at right angles to 
the molecule, and its path will be that of 
aspiral. Let us replace this bar by one 
from a similar kind of iron, well annealed, 
The molecules here are in a great state 
of freedom. We now magnetize this 
rod to the same degree as in the previous 
case; the electric current now, instead 
of being deflected, completely rotates the 
molecules, and the needle returns to 
zero, all traces of external magnetism 
having ceased. The electricity on enter- 
ing this bar should have been forced to 
follow a tortuous circular route; its mo- 
mentum was, however, too great for the 
molecules, and they elected to turn, al- 





lowing the electricity to pass in a straight 
line through the bar. Thus, in the first 
instant, magnetism was the master di- 
recting the course of the current ; in the 
last it became its servant, obeying by 
turning itself to allow a straight path to 
its electric master. 


SOPERPOSED MAGNETISM. 


It is well known that we can suppose a 
weak contrary polarity upon an internal 
one of an opposite name. I have 
been enabled thus to superpose twenty 
successive strata of opposite polarities 
upon a single rod by simply diminishing 
the force at each reversal. I was anxious 
to prepare a steel wire so that inits ordi- 
nary state it would be neutral, but that, 
on giving it a torsion to the right one 
polarity would appear, whilst a torsion to 
the left would produce the opposite po- 
larity. This I have accomplished by 
taking ordinary soft steel drill wire and 
magnetizing it strongly whilst under a 
torsion to the right, and more feebly with 
an opposite polarity when magnetized 
under torsion to the left. 

The power of these wires, if properly 
prepared, is most remarkable, being able 
to reverse their polarity under torsion, as 
if they were completely saturated; and 
they preserve this power indefinitely if 
not touched by a magnet. It would be 
extremely difficult to explain the action 
of the rotative effects obtained in these 
wires under any other theory than that 
which I have advanced, and the absolute 
external neutrality that we obtain in 
them when the polarities are changing 
we know, from their structure, to be per- 
fectly symmetrical. 

I was anxious to show some mechani- 
cal movement produced by molecular ro- 
tation, consequently I have arranged two 
bells that are struck alternately by a po- 
larized armature put in motion by the 
double polarized rod I have already de- 
scribed, but whose position, at three cen- 
timeters distant from the axis of thearm- 
ature, remains invariably the same. The 
magnetic armature consists of a horizon- 
tal light steel bar suspended by its cen- 
tral axle ; the bells are thin wine-glasses, 
giving a clear musical tone, loud enough, 
by the force with which they are struck, 
to be clearly heard at some distance. 
The armature does not strike these alter- 
nately by a pendulous movement, as we 
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may easily strike only one continuously, the 
friction and inertia of the armature causing 
its movements to be perfectly dead beat 
when not driven by some external force, 
and itis kept in its zero position by a 
strong directive magnet placed beneath 
its axle. 

The mechanical power obtained is ex- 
tremely evident, and is sufficient to put 
the sluggish armature in rapid motion, 
striking the bells six times per second, 
and with a power sufficient to produce 
tones loud enough to be clearly heard in 
all parts of the hall of the institution. 

There is nothing remarkable in the 
bells themselves, as they evidently could 
be rung if the armature was surrounded 
by a coil and worked by an electric cur- 
rent from a few cells. The marvel, how- 
ever is in the small superposed steel mag- 
netic wire, producing by slight elastic 
torsions from a single wire, 1 mill. in di- 
ameter, sufficient force from mere mole- 
cular rotation to entirely replace the coil 
and electric current. (Experiment shown 
by ringing the bells by the torsion of a 
small ;';-in. wire placed 4in. distant from 
bell-hammer.) 


CORRELATION OF FORCES. 


There is at present a tendency to trace 
all physical forces to one, or rather a va- 


riation of modes of motion. In my last 
experiment the energy of my arm was 
transformed in the wire to molecular mo- 
tion, producing evident polarity; this, 
again, acted upon the ether, putting the 
needle-hammer into mechanical motion. 
This by its impact upon the glass bells 
transformed its motions into sonorous vi- 
brations ; but this does not mean that we 
can convert directly sonorous vibrations 
into magnetism, or vice versa. 

Let us take this soft iron rod; it seems 
quite neutral, although we know that the 
earth’s magnetism is trying to rotate its 
molecules to north polarity at its lowest 
extremity. We now put it in mechanical 
vibration by striking it gently with a 
wooden mallet; the molecules at once 
rotate, and we have the expected strong 
north polarity. Let us repeat this ex- 
periment by employing heat, and here, 
again, at red heat an equally strong 
north polarity appears. 

Again we repeat, and simply pass an 
electric current of no matter what direc- 





tion ; again the same north pole appears. 
Thus, these forces must be very similar 
in nature, and may be fairly presumed to 
be vibrations, or modes of motion, hav- 
ing no directive tendency, except a slight 
one, as in the case of electricity ; for the 
same three forces render the rod per- 
fectly neutral, even when previously mag- 
netized, when placed in a longitudinally 
neutral field, as east and west. 

Motion of the molecules gives rise to 
external magnetism to a rod previously 
neutral, or renders it neutral when pre- 
viously magnetized; in other words, it 
simply allows the molecules to obey an 
external directing influence; the only 
motion, therefore, is during a change of 
state or polarity. If there is constant 
polarity there is no consequent motion 
of the molecules; in fact, the less motion 
of any kind that it can receive, the more 
perfect its retention of its previous posi- 
tion ; consequently, constant magnetism 
cannot be looked upon as a mode of mo- 
tion, neither vibratory nor rotatory. It 
is an inherent quality of each molecule, 
similar in its action to its chemical af- 
finity, cohesion, or its polar power of 
crystallization. A molecule of all kinds 
of matter has numerous endowed quali- 
ties; they are inherent, and special in 
degree to the molecule itself. I regard 
the magnetic endowed qualities of all 
matter or ether to be inherent, and that 
they are rendered evident by rotation to 
a symmetrical arrangement in which 
their complete polar attractions are not 
satisfied. 

‘lime will not allow me to show how 
completely this view explains all the 
phenomena of electro-magnetism, diamag- 
netism, earth currents—in fact, all the 
known effects of magnetism — up to 
the original cause of the direction of the 
molecules of the earth. To explain the 
first cause of the direction of the mole- 
cules of the earth would rest altogether 
upon an assumption as the first cause of 
the earth’s rotation, and of all things, 
down to the inherent qualities of the 
molecule itself. 

The mechanical theory of magnetism 
which I have advocated seems to me as 
fairly demonstrable as the mechanical 
theory of heat, and it gives me great 
pleasure to have been allowed to present 
you with my views on the theory of mag- 


netism. 
> 
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TRANSMISSION OF POWER BY BELTS, CORDS, AND WIRE 
ROPES. 


By GEORGES LELOUTRE. 


From Abstracts of the Institution of Civil Engineers. 


A former abstract of a paper by the, that remains on its pulleys continues to 
author upon this subject gave a summary | sustain throughout its length a strain 
of his researches; and these have since! equal to the mean between that on the 
been detailed in the present extensive | driving and that on the trailing span 
essay, to which was awarded in 1881 a}| when running. The elasticity of ordinary 
gold medal offered to competition. ‘new leather is remarkable: a thong of 

Having found that so-called practical| very common leather, breaking at 2,280 
formulas and rules are seldom of much | lbs. per square inch, stretched as much 
value, in consequence of being made too as 22 per cent., of which it recovered at 
general, the author twenty years ago! once rather less than half; and after 
began experiments of lis own, which he| fifteen months’ rest it had returned to 
has recently extended and rendered | | exactly its original length. There ap- 
more complete. In his two first chap-| pears indeed to be no true permanent set 
ters he examines the facts relating to the! for leather ; it stretches to the same ex- 
stretching, elasticity, breaking, and slip-| tent whether broken under a rapidly in- 
ping of cords and belts. Most of these | creasing load or under one applied for a 
facts run counter to the notions generally long period, but in the former case it 
entertained. Above all, the influence of recovers more readily than in the latter. 
time on the elongation and breaking ‘The breaking strength for belts of all 
strain of belts, cords, and webbing, can-| materials is from half as much again to 
not be neglected. ‘twice as much when the load is increased 

The experiments on the elongation, | up to the breaking strain in a few hours, 
elasticity, and breaking strength of belts | as when that strain is slowly reached in 
were all made with dead weights, as de-| the course of five or six months. In 
scribed in the former abstract, so as to|ordinarily good leather the breaking 
avoid the error arising from friction in | strain when reached in an hour or two 
testing by any lever machine. Detailed will be as high as 4,300 to 4,800 Ibs. per 
particulars are given of thirty experi-|square inch; but under loads slowly 
ments, the results of which are analyzed. applied it will be only 2,850 Ibs., and 
The elastic stretching of leather belts even less. India-rubber is rather weaker. 
under tension is by no means propor- | Hence any results arrived at in trials that 


tional to the strain: the amount of | 
stretch increases much less rapidly than | 
the strain, or, in other words, the modu- | 
lus of elasticity rises with the strain. 


The resistance to stretching is greatest | 


when the strain reaches about 850 Ibs. 
per square inch of sectional area in 
leather belts; and in india-rubber and 
webbing at a rather lower strain. How- 
ever rapid the stretching during the first 
hour, a considerable further elongation 


takes place when the strain is continued | 


for two or three weeks ; but two or three 


days’ continuance is long enough to give | 


a sufficiently accurate result for practical | 
purposes. 

In respect of elasticity, belts are, 
never in practice at rest or relaxed long 
enough to recover wholly from their 
stretching. Even when at rest, a belt! 


last only a few hours must be reduced in 
the above ratio for practical use. Though 
the strongest leather is not that which 
stretches least, yet in practice the mis- 
take is generally made of looking for 
belts not to want tightening up too fre- 
quently, without regard to whether they 
are working at one-third or at one-sixth 
of their breaking strength. For a belt 
to last, however, the latter consideration 
is the more important: the leather em- 
ployed should be the strongest and most 
elastic; and frequent tightening may 
readily be obviated by the simple expe- 
pedient of subjecting a fresh belt for 
| some days before using it to a tension of 
‘from 1,050 to 1,450 lbs. per square inch. 
‘Some belts are made of leather that has 
| been compressed in thickness by calen- 
‘dering; but the leather recovers its 
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original thickness, just as it does its 
shortness after stretching. The tension 
which the author has been led to adopt 
for leather belts in practical working is 
from 640 to 780 lbs. per square inch, in- 
stead of the much lower strains generally 
recommended of only 200 to 350 Ibs. 
The tensile strength does not appear to 
be impaired by repeated breakages. 
Hence the permanent load on belts may 
be made high, without fear of over- 
straining them or impairing their elastic- 
ity, their greatest strength being appar- 
ently developed under a tension of about 
850 Ibs. per square inch. Trying an- 
nealed iron wire, by way of analogy or 
contrast, the author found its breaking 
strength unaffected by the time occupied 
in testing; the first fracture diminished 
its elasticity, when thoroughly annealed, 
but not its strength; it undergoes sud- 
den elongations after several days, to a 
greater or less extent according as the 
load is heavier or lighter; and lastly, 
under a load applied for a length of time, 
the stretch on breaking is about a third 
of what it is when the wire is broken in 
only about an hour’s testing. 

As to slipping, a very common mistake 
in practice is to suppose that the coeffi- 
cient of friction, or ratio between the 
tensions of the driving and trailing spans 
of a cord or belt, increases with the size 
of cord or breadth of belt or diameter of 
pulley. But so long as the are of con- 
tact on the pulley contains the same 
number of degrees, the size of cord, 
breadth of belt, and surface of contact, 
have absolutely no effect on the ratio be- 
tween the two tensions at the moment 
when slipping is on the point of taking 
place. On this head the author’s experi- 
ments are conclusive, ranging as they do 
from sewing thread up to hemp and 
cotton cords of 1} inch diameter, and 
from leather thongs only 2 inch wide up 
to belts 12 inches broad, with pulleys of 
from 8 inches to 8 feet diameter, on 
which the surface of contact varied in 
the ratio of 1 to 500, while the are of 
contact ranged from half a turn (180°) 
up to 34 turns. What does modify the 
coefficient of friction for belts is their 
greasiness, and especially the degree of 
polish of the pulley-rims on which they 
run. 

Throughout the author’s experiments 
the coefficient of friction was found to 





be nearly constant: it ranges from 0.070 
to 0.075 for new cords, and from 0.090 
to 0.180 for new leather belts that have 
not run long enough to get saturated 
with swarf; for old belts covered with a 
layer of dirt the coefficient is much 
higher ; and when the pulleys are imper- 
fectly polished it may rise to 0.300 and 
upwards. The coefficients commonly as- 
sumed are at least twice as high as these. 
When the pulley-rims are rounded over 
slightly convex in transverse section, the 
friction is rather less than when they are 
flat; for pulleys above 6 or 7 feet diam- 
eter the difference is immaterial. For 
well-greased belts the coefficient of fric- 
tion diminishes as the tension increases ; 
but this is only because the grease gets 
partly squeezed out when the belt runs 
tighter over the pulleys. The experi- 
ments were made by keying a pulley fast 
on a fixed horizontal shaft, and hanging 
a belt over it with equal weights at each 
end, and then gradually increasing the 
load on one end till the belt slipped. The 
trial must be continued long enough, be- 
cause a load insufficient to cause in a few 
seconds any perceptible slip will produce 
a considerable slip in the course of hours. 
On the other hand, as the steady experi- 
mental pulley is free from the jar that 
occurs in all running pulleys, the adhe- 
sion is higher upon it than in actual 
practice. Moreover at high speeds of 
from 2,000 to 6,000 feet per minute a 
belt draws air in between itself and the 
pulley-rim, whereby the adhesion is im- 
paired; this can be obviated by slotting 
holes at intervals through the rim, paral- 
lel to its edges, and the belt will thereby 
be kept running straight on the pulley. 
The particulars and results are given 
in detail of eight experiments with cotton 
cords, ten with hemp cords, twenty-one 
with leather belts, and one with an india- 
rubber belt. From these experiments 
the author is led to adopt the following 
minimum values for the coefficient of 
friction, which give the corresponding 
ratios for the tensions of the driving and 
trailing. spans when on the verge of slip- 
ping, the are of contact with the pulley 
being 180° in each case. For new cotton 
or hemp cords, coefficient 0.075 ; ratio of 
tensions 1.27 to 1.00 for pulleys with 
flat rims, to 1.45 to 1.00 for pulleys 
with semicircular grooves or with V 
grooves having an angle of 80°, the nip- 
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ping of cord in the groove being neg- 
lected. For ordinary new leather belts, 
coefficient 0.155, ratio 1.67 to 1.00. For | 
new india-rubber belts, and for well-| 
greased old leather belts, coefficient | 
0.200, ratio of tensions 1.90 to 1.00. No 

account is taken of extra adhesion from 
the pulley-rims being imperfectly polished | 
or merely turned, because in working 
they gradually become more and more 


polished by the stretching of the belt 


upon them under the load. 

The practical examples, by which in| 
his third chapter the author illustrates 
the application of his results to actual | 
belt gearing, comprise the transmission | 


of 42, 80, 280 and 700 horse-power by | 


leather belts, and of 60 horse-power by 
an india-rubber belt: 
each of which the whole of the particu- 
lars are fully detailed and analyzed, in- 
cluding the description and strength of 
the belts, the loads on the bearings of 
the flywheel and _ pulley-shafts, the 
strength of the flywheel, the mode of 
joining the ends of the belt, and the) 
relative advantages of cords and belts. 
Owing to the damaging effects of cen- 
trifugal force on lap-jointed belts, prefer- 


ence is given to butt-joints stitched with | 


either one, two, or three thongs, through 
four rows of holes spaced zigzag, the 
stitching being so done as to range the 
thongs all parallel to the edges of the 
belt on its inner face, and diagonally on 
its outer; the thongs should be of very 
supple leather, such as the white Aronen- 
leder (crown-leather) obtained from Swit- 
zerland. Attention is drawn to the 
importance of flywheels being properly 
proportioned to the trains of toothed 
gearing they control, the flywheel being 
often made too heavy. The construction 
and strength of pulleys with curved arms 
is examined at much length. In regard 
to the relative friction with belts or cords 
and with toothed gearing, it is shown 
that theoretically the advantage is always 
more or less on the side of belts or 
cords; while a practical confirmation of 
this conclusion is furnished by the in- 
stance of a spinning mill, in which 
toothed gearing driving 18,000 spindles | 

was replaced by belts, with a saving of | 
20 per cent. in friction or 34 per cent. on | 
the effective driving power transmitted ; 
and in no case do belts practically cause | 
more friction than toothed gearing. 


with regard to, 


‘particulars are furnished of three ex- 
amples where driving by belts did not 
prove thoroughly successful; and the 
conditions are pointed out which led to 
the less satisfactory results. 

The fourth and concluding chapter 
‘treats of the loss through friction and 
other dead resistances in transmitting 
| power through great distances by means 
of wire ropes. This loss the author 
considers can be brought down as low as 
30 or even 20 per cent. in transmitting 
power by ropes through distances of 6 
‘to 7 miles and upws ards. While electric 
‘transmission may be employed in connec- 
tion with great mountain waterfalls, 
water-power nearer at hand may be 
utilized advantageously through ropes. 
The heavy outlay in each case is the 
same, being that incurred in constructing 
the necessary leats, or head and tail races, 
and in erecting the hydraulic motors 
themselves. The coefficient of friction 
\for an iron wire rope in a round bot- 
tomed pulley groove that is lined with 
leather standing an end is found by the 
' author’s experiments to be 0.220 for half 
a turn round the pulley. From experi- 
ments at a spinning mill at Oberursel, 
Nassau, to which water-power is trans- 
mitted through iron wire ropes from a 
distance of 3,150 feet in eight spans of 
‘about 394 feet from pulley to pulley, it 
was found that, when using the maximum 
quantity of water, equivalent to 175 HP., 
the useful effect, tested by friction brake 
at the mill, was not more than 99 HP., ox 
only 56 percent. The aggregate loss of 
power, through friction of pulley bear- 
ings, stiffness of ropes, and resistance of 
air, ranged between 114 and 12 HP. for 
seven of the above spans together. The 
ropes were 0.59 inch diameter, and ran 
at about 55 to 60 miles an hour in ordi- 
nary working ; the pulleys were 14.8 feet 
diameter, the weight of each with its 
cast iron axle being about 28 ewts. From 
these experiments the author deduces 

0.090 as the coefficient of friction for the 
pulley bearings, 0.092 as the coefficient 
of stiffness of the iron wire ropes, and 
0.000451 as the coefficient of air-resist- 
ance to the pulley arms. These coeffi- 
cients are discussed, and confirmation is 
‘obtained for them from a comparison 
with those hitherto accepted under dif- 
| ferent forms from recognized authorities 


The | upon the subject. 
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ARRANGEMENTS FOR THE PREVENTION AND EXTINCTION 
OF FIRES IN THEATRES. 


By ERNEST A. E. WOODROW, A.R.I.B.A. 


From the “Journal of the Society of Arts.”’ 


Tueatres should be entirely fire-resist- 
ing, and have nothing in their construc- 
tion that will readily ignite, so that the 
ordinary methods of extinguishing fire 
will suffice. 
giving due consideration and study to 
the planning and the materials of which 
the building is constructed. How these 
buildings can be planned and construct- 
ed, carrying out a safer system than at 
present, is what I would wish to try and 
point out in as brief a manner as pos- 
sible, touching, itis feared but imperfect- 
ly, on only some of the most important 
points. 

When the principal material employed 
in the construction is thin wood, as is, or 
perhaps I should say was, so often the 
case, no possible hope of safety could 
be entertained either for the building or 
the public frequenting it. 

That a theatre can be made safe in 
spite of the special dangers from the 
class of business carried on in it, there 
cannot be a doubt in the mind of any one 
who has given attention to the subject. 
Like every other class of building the 
special risks attending it can only be 
known by becoming thoroughly ac- 
quainted with the business carried on 
in it, and the special mode of conducting 
such business, with the accompanying 
dangers. Until this is ascertained, no 
one can possibly plan a theatre to avoid 
these risks, and ensure the safe and easy 
working of the house. 

A theatre, of all buildings, should have 
a place for everything, and everything in 


its place; and it is necessary to know | 
what this everything is before the place | 


for it can be provided. 

The first step to be taken is to provide 
such means in the planning of the house 
as to enable the people to get out of the 


building in the shortest possible time, at | 


the slightest provocation, in every way 

lessening the dangers from panic. Then, 

the construction of a theatre, and the ma- 

terials used, should be such as to render it 
Vor. XXXI.—No. 1—3 


This can be attained by | 


wholly fire resisting; this can be aided 
greatly by the manner in which the va- 
rious departments are placed with rela- 
tion to each other. 

As a theater can be made fire resisting 
no house should be allowed to remain 
open which is not so. Itis no good to 
|patch up the old wooden edifices with 
| sheet iron and pugging, and expect that 
the buildings will be any the safer. If 
‘such theatres still exist in any part of 
‘the kingdom, they should be closed, even 
if the loss is sustained by the public 
\themselves. When the slightest fire 
/commences in one of these flimsy struct- 
ures, as was seen at the fire at the Al- 
hambra, no efforts, either from external 
‘or internal aid can possibly extinguish it. 

Judgment in the choice of materials 
with which to construct the building, re- 
quires such great care and study that too 


|much importance cannot be placed on 


this branch of the subject. The mate- 
rials employed for the erection of places 
for the assembly of the public, whether 
for amusement, instruction or devotion, 
must be, in every sense of the words, 
“the best of their several kinds.” The 
scantlings, or thicknesses, must be far 
in excess of what would appear to be 
necessary for the actual or present work 
| which they have to perform, so that they 


|may resist any shock or pressure that 


may from any cause be brought on them. 

In short, a theatre must, of necessity, 
in comparison with other buildings, be 
exceedingly costly. In this I refer only 
to the structural portions, leaving all dec- 
orations out of the question. In dealing 
with buildings where human beings are 
|“ packed,” surely more care should be be- 
stowed upon their construction than upon 
warehouses or factories. But as long as 
cheap theatres are erected danger will be 
rife. 


| 
| Puannina AND Construction FoR Preven- 
TION OF Fire. 


No theatre should be allowed to stand 
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that is “hemmed in on all sides with a|space permit, the open area should be 
narrow entrance, as a frontage in a public | made 12 feet wide between the theatre 





thoroughfare sufficient to carry a flaming 
gas device.” 
the surrounding property are often as 
great as those in the theatre itself. In 
no case should people be allowed to live 
and sleep in or about this class of build- 
ing; the many risks necessarily attend- 
ing them through their own special trade 
should not be increased by the dangers 


The dangers accruing from | 


proper and the workshops. 

Where no area can be obtained, a thick 
brick wall passing through and above the 
roof should divide the workshop section 

from the stage section. 
| All stores for scenery, properties, Xc., 
‘not in immediate use should be in this 
building. 

The painting gallery might be placed 


generally to be met with in the dwellings | over the workshops, getting a top studio 
of the lower class; and a building, or|light, which should be protected by 
part of a building, not designed for the | strong wire guards against falling sparks 
special business of a theatre, should | or materials. There is no special danger 
never be used for such purposes, as it is|from scene painting, oil not being the 
nearly sure to be unfit for them. /medium used, as is sometimes supposed. 
The site should be isolated on all sides,| The stage is too often used as a car- 
wide streets running all around the|penter’s shop. This should never be al- 
building ; but as this is difficult to obtain | lowed; the many dangers thus incurred 
in crowded cities, a theatre might be de | need no pointing out; yet it is strange 
signed with comparative safety having | that seldom is a special room provided 
one side touching other buildings. To) for the carpenters. The work in some 
obtain perfect safety a site isolated on all | houses was carried on over the auditori- 
sides should be insisted on. |um ceiling, but this is happily stopped. 
The most importent item in the plan- | A special workshop should always be pro- 
ning is what might be called the party- vided. 
wall system, making every division of a| Dressing-rooms might be placed on 
theatre a separate building, with as few | either side of the stage for males and fe- 


openings connecting the various sections | males, being divided from the stage hori- 
and sub-sections as the smooth working | zontally by brick arches, and vertically 


of the house will allow. Commencing | by brick walls. Fire-resisting staircases 


with the back of the building, I should 
place the workshop section, divided from 
the main building by an open area; then 


the stage, with dressing-rooms and wings | 


on either side; then, of course, follows 
the auditorium the corridors, the stair- 
cases, and the offices and saloons. Each 
of these many sections must be divided 
from the other, vertically, by strong 
brick walls, with the openings closed by 
fire-resisting doors, and, horizontally, by 
fire resisting floors. 

The various divisions within each sec- 
tion should be again separated by brick 
walls and strong, fire-resisting floors, so 
that, should one room be burnt out, no 
other part of the building would suffer. 
This system applies throughout the whole 
building. 

The position of the workshops should 
be such as to ensure an entirely separate 
building, connected with the theatre by 


jand separate exits into the street are 
necessary for each wing, as also for the 
/worksbop. 

The fire places, where provided in the 
| dressing-rooms, should be protected by 
‘tall wire guards. A complete system of 
/heating throughout by hot-water pipes 
‘is, however, preferable to open fire- 
places. 

The stage-floor and sliders must of ne- 
cessity be of wood, for setting the scenes, 
‘but much on the machinery might be 
‘made of iron, keeping somewhat the same 
‘forms now used in wood, and making a 
stiffer stage, which could be more easily 
| manipulated. 

On a level with the stage floor there 
must be ample room for scene docks, for 
'storing the scenes in nightly use, while 
/shifting from one set to another. The 
‘mezzanine and cellars should be used 


only for the machinery for working the 


one opening only, which should be closed | stage, and on no account should the 
by a double fire-resisting door, which | stowage of rubbish or scenery be allowed 
door should on no account be allowed to | here—it never would if proper provision 
open during a performance. Should! were made for it elsewhere. It is here 
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that the stage carpenter does such infin-| 


ite harm with his match-board erections, 
after the building is out of the hands of 
the architect. 


The band and other rooms are at times | 


but portions of the mezzanine, match- 


boarded off as if they had been forgotten | 


when making the plans (which is more 
than likely). Proper accommodation 
must be supplied for band, band master, 


stage-manager, firemen, bill-sticker, prop- | 


erty-master, &c.. Kc. 


The gridiron above the stage must be 


made sufficiently strong to carry the 
weight of the cloths, &e. Cases have 
been known where it has given way un- 
der the weight of the scenery, and let 
everything in dangerous confusion down 
on to the stage. The construction of the 
gridiron, flies and flyrails should be of 
iron. Communication is necessary from 
the flies to the stage, to enable the flymen 
to escape. 

The stage should be divided from the 
auditorium bya thick, solid brick pros- 
cenium wall, which wall should go be- 


tween the orchestra and mezzanine, and | 
be arched over the opening, passing | 


through and above the roof. There need 
only be one opening in this wall, in ad- 
dition to the large or proscenium open- 
ing, namely a pass door from the stage to 
the auditorium. 


A separate fire-resisting passage way | 


should be provided for the exit of the 
orchestra, so that the musicians may 
avoid passing either through the audience 
or under the stage to gain the street. 
The stage should undoubtedly be ent 


off from the auditorium by some sort of | 


fire-resisting or smoke-proof curtain. 
The failure of some of the iron curtains 


used on the Continent and in America| 


has shown that they are not always to be 


relied on, but they must be of some use 
in retarding the progress of the flames. | 


A double thick felt or cloth curtain, 
made bag shaped, and a water spray 
along the top that would damp the eur- 
tain whenever it was lowered, suggests 
itself as a method for shutting off the 
stage. Water curtains have been pro- 
posed, but as these could not be periodi- 
cally tested on account of the destruction 
of property that would ensue, they can- 
not be recommended. Whatever is adopt- 
ed must be in constant use, for anything 
designed to act only in case of need, or 


upon the outbreak of fire is often liable 
to fail at the very moment when it is 
most needed. Everything in and about 
a theatre must be always in use to be of 
any good. Where automatic appliances 
are provided, people are apt to put such 
faith in them that they ignore the ordi- 
nary and essential means of fighting 
against fire, and become careless of the 
importance of the great danger. An 
“emergency ” curtain coming down un- 
expectedly in the middle of the perform- 
ance would be but the signal for a panic. 
Appliances requiring the presence of the 
flames which they are supposed to extin- 
guish before they can act, cannot be too 
strongly condemned. 

I repeat, and cannot insist upon it too 
strongly, all appliances must be made so 
that there will be no way of using them 
nightly. Therefore the smoke-proof cur- 
tain and the painted act drop should be 
made to fall always together. 

The scenery should be protected by 


applying some of the numerous solutions 
recommended by our chemists, and all 


drapery should be similarly treated. 

The woodwork in and about the stage 
should be periodically painted with asbes- 
tos paint, or other fire-resisting liquid, 
and no precaution left untried to mitigate 
the danger from fire. 

In dealing with the stage, we have to 
contend with that portion of the house 
where there is the most danger from fire, 
the immense amount of gas used nightly, 
and sometimes in a careless manner, as 
pipes are being constantly connected and 
disconnected during the performance, 
causing small escapes near naked lights, 
makes one wonder that accidents occur 
as seldom as they do. 

All lights must be protected by wire- 
guards, and an arrangement should always 
be used whereby the gas is automatically 
cut off at the place where the union is 
made during the process of shifting vari- 
ous battens, ground-lights, Xe. 

The gas should be under the control of 
a practical gas man, with a sufficient staff 
of subordinates. This man should be 
stationed at the gas plate, which is fixed 
on the stage during the performance, on 
which plate each cock should be labeled 
indicating what section of the light it 
governs, so that no error can possibly be 
made, and the wrong part of the house 
put in darkness. 
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The mode of lighting up should be by 
the electric spark, and not by naked 
lights. The “flash” system should be 


made to enable the use of artificial light 
being discontinued during the day, thus 
avoiding one of the greatest risks in the- 


applied to all battens and hanging lights, | atres, namely, the careless handling of 


avoiding the use of the spirit, cotton, and | lamps, candles, or matches. 


cane moving among the scenery. When 
the electric light is used, many of the 
dangers of stage illumination will be done 
away with; yet great care will have to be 
taken in the manipulation of the light, 
which need not be touched on here. 

The gas-meters should be placed in a 
specially prepared and ventilated room. 
The supply pipes must be of hard metal, 
visible, and coated to prevent corrosion. 
There should be a cut-off tap near the 
stage door, to turn off the gas from with- 
out in case of fire. Separate meters 
should be provided for every section of 
the house, and a double supply laid on to 
each. Every set of staircases, corridors, 
offices, dressing-rooms, workshops, as well 
as the stage and auditorium, should have 
a dual system of lighting. 

Every burner should be protected by 
an incombustible guard, and fixed away 
from woodwork or inflammable material, 
with a metal flue over it. In the parts of 
the house frequented by the rougher 
class, the lights should be encased, or 
locked up, or placed out of reach. 

Sun-burners are preferable to gasoliers; 
these must be periodically cleaned, and no 
woodwork fixed near them. Access should 
be provided to them from the roof. 

Oil lamps should be placed about the 
buildings in all sections, in conspicuous 
positions, but out of the reach of the 
public, to take the place of gas on its 
extinction. Colza oil has been found 
preferable to any other. Red lamps, with 
the word “Exit” in white, should be 
placed over the exit doors. All lamps 
should be lit and in their places before 
the doors are open, and the gas, both on 
the stage and in the auditorium, should 
be lit before the audience is admitted. 

Gas-burners fixed so that they can be 
tampered with are among the most pro- 
lifie sources of producing fire. There 
should be no jointed brackets or swinging 
pendants; every fitting must be fixed, 
and all joints and appliances examined 
and approved before the house is licensed. 

Proper precaution should be taken in 
the manipulation of the lime light, and 
the bags kept outside the buildings. 

Provision for plenty of light should be 





It is a fre- 
quent habit to drop the end of a semi- 
burnt match, and one to which great 
danger is attached. There could never 
be a greater mistake than making a the- 
atre dark. The business could be better 
carried on if there were plenty of daylight, 
and the accumulation of the dirt of years 
would not then be suffered to remain 
unremoved, ready to flare up on coming 
in contact with the slightest spark. A 
theatre, for everybody's comfort, should 
be clean; but as long as it remains dark, 
it will be dirty and dangerous. There- 
fore, the removal of rubbish should be 
insisted on daily, or an external furnace 
provided in which it could be consumed. 

The roof should have easy access from 
various points, and be provided with cat 
ladders, leading from the different levels, 
to enable firemen to get about with ease. 
There should be a parapet wall all round 
to protect the firemen. The construction 
of the stage roof should be of iron; if of 
wood, the constant changes of tempera- 
ture to which it would be subject, and the 
enormous heat, would desiccate the 
trusses and rafters, and convert them into 
something little better than touchwood, 
which would readily ignite. 

A better mode of constructing an audi- 
torium roof could not be cited than that 
of the new Alhambra Theatre, where iron 
and concrete, with a covering of asphalte, 
are the materials used. The ceiling of 
the auditorium should be formed of fire- 
resisting materials, such as Jackson's 
fibrous plaster, and never of canvas. 
There should be no space over the ceiling 
available for store or workshop. 

The several divisions of the audience 
should each have their separate entrances, 
exits, passages, corridors, staircases, sa- 
loons, lavatories, &c. The best method 
of planning this portion of the house, 
having in view the safety of the people, 
would be to bring everybody as near the 
level of the street as possible. To do 
this, place the dress circle on the street 
level, go down to the pit, and up to the 
upper circle and gallery. By adopting 
this method, the various sections of the 
audience would have a better chance of 
gaining the street, the distances being 
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more distributed. The fact of the build- | 


ing not being so high as it would be if 


the pit were on a level with the street, | 


would give a better chance of aid in case 
of fire; and as the parts occupied by the 
administrative officers need not be carried 
so high as the main building, an interme- 
diate roof could be obtained, whereby the 
principal roof could be easily reached 
from without. The people in the pit, 
being below the level of the street, would 
not be in any danger, as in going upstairs 
a crowd is not likely to stumble, there 
not being the same risk as when coming 
down stairs. 

Each section of the audience should 
have two entrances and exits, one on each 
side of the house, such exits and their 
approaches leading directly into the 
street, and these should be used only by 
that section of the audience for which 
they are designed, there being no pass- 
doors or emergency exits leading from 
other parts of the house into them. A 
door that is known as an “ emergency 
door” is only a trap; when opened, it, as 
a rule, leads into a corridor or staircase 
already full of people from another part 
of the house. All exits must be en- 


trances, and entrances exits, and used 
nightly. 
Staircases and passage-ways should be 


from 4 ft. 6 in. to 5 ft. wide. Where this 
width is insufficient for the number of 
people, an extra staircase should be pro- 
vided rather than additional width being 
given beyond the 5 ft. The corridors 
immediately outside the various tiers 
should be of sufficient width to take the 
people oceupying such tiers without 
crushing. These corridors must be di- 
vided from the auditorium by brick walls, 
and the openings fitted with fire-resisting 
doors. 

There should be no winders or steps at 
half landings in the staireases, as all such 
are dangerous in a moving crowd. The 
flights should not be of more than eight 
or ten steps, and the treads and risers 
should be of easy and uniform go 
throughout. All steps and landings must 
have at least 44 inches bearing on solid 
brick walls at both ends, and arches 
should be turned under the landings. 

Strong hand-rails, on brackets built 
into the walls, should be fixed to both 
sides of all flights of steps and landings, 


leaving a space of three inches clear be-, 


tween the wall and the hand-rail. To 
acquire this, a chase should be cut in the 
wall, so as not to lessen the width of the 
staircase or passage-way by the projection 
of the hand-rail. 

No single step, or flights of two or 
three, should be admitted, slopes should 
take their places. 

The private box staircases should be 
made as important as the other staircases, 
with exits into the street, and communi- 
cation at each level. As a rule, they are 


‘narrow or corkscrew staircases, only avail- 


able for the private boxes. 

There should be no unshipping of bar- 
riers; they should be made permanent, 
and hung so as to open outwards, and 
close against the wall. 

No pay-box or barrier should be placed 
to obstruct the exits; the movable box 
so often seen should be abolished, and 
the pay-box made part of the permanent 
building. 

All doors and barriers must be hung so 
as to open outwards, and close against 
the walls, the larger doors being hung in 
two folds. The fastenings on the doors 
used by the public should be such as to 
allow them to open the doors from the 
inside with ease. Locks are bad, as keys 
are seldom forthcoming when most re- 
quired. The danger attendant upon the 
ordinary barrel-bolt was terribly illus- 
trated in the case of the Sunderland dis- 
aster. It is apt to slip and catch in the 
floor, fixing the doors. A fastening is 
wanted that will enable those inside to 
get out, while it will at the same time 
present an effectual barrier to those out- 
side. This has been provided by an 
invention known as “Arnott’s patent bolt,” 
in which an ordinary spring square bolt 
has the lower portion knuckle hinged. 
Pressure on the inside will cause this 
portion of the bolt to leave the socket, 
and become parallel with the floor, thus 
allowing the door to swing both ways. 
Pressure from the outside will only tight- 
en the bolt. What are now known as 
“emergency” doors are too often found 
locked, and worse than useless. 

If the public were acquainted with the 
means of getting out of a theatre, there 
is no doubt they would feel safer when 
visiting these places of amusement. A 
great number enter with the idea that 
they could never find their way out if 
they wanted; this is not to be wondered 








38 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 


at, considering what some of these en- | mable, which might at a low temperature 
trances are, and that the entrances are |be simply combustible; it is therefore 
not always the exits, and the exits not | necessary, to prevent fire, to provide 
always used nightly. Everything should | proper ventilation in a theatre. How 
be done to inspire the audience with the | often is this done? 

idea that they could save themselves! The stage should be well ventilated, 
without hurting others in case of accident. |and at the same time there must be no 
To do this they should be able to find | draught to cause the scenery to wave 
their way easily about the house. Several ‘about. Metallic shafts, with gas jets 
ideas to attain this suggest themselves— burning in them, fixed in several places 
placing ample notices on walls and doors, |above the gridiron, would draw off the 
such as “Exit ;" “This way out;” print- | vitiatedand heated atmosphere and smoke 
ing the plan of each section of the house |in case of fire; but should a fire break 
separately on the programmes ; placing | out, the upward draught would increase 
large plans of the house in conspicuous | it to a very serious extent; but if the gas 
positions; but above all, simplicity and | jets were turned out, and the proscenium 
uniformity in the plan at the first onset. | curtain lowered, the draught would be 
Place the exits where they will be easily | greatly lessened. 

seen, and make both sides of the house | Fresh air should be admitted to the 
as nearly alike as possible. Notices | auditorium as near the floor level as pos- 
should be painted on lavatory, saloon- |sible, being previously warmed. The 
doors, &e., to distinguish them from exit | number of inlet shafts should have some 
doors. All notices should be painted in | relation to the numbers occupying the 
luminous paint. Never should such no- | seats, and the manner in which the vitiat- 
tices as “In case of need,” “Exit in case | ed air is drawn out of the building. Sun- 
of fire,” “In case of panic,” “Emergency,” , burners play an important part in extract- 
“Alarm exit,” be seen; they only suggest |ing the foul air, but, in addition, every 
danger to the people, and everything | gas-burner should have over it a funnel- 


should be done to intimate safety and 
avoid panic among the nervous visitors 
to theatres. 


All seats should be numbered, and the | 


house licensed to hold that number, and 
no more admitted under penalty of heavy 
fines to manager and visitor alike, then 
the gangways would be left unobstruct- 
ed; but until they are both equally fined, 
the passages will be blocked by people 
standing or seated on loose chairs. All 
seats should be fastened to the floor, and 
made to tip up, to allow more room be- 
tween each row for exit. 

As far as the contents of the auditorium 
are concerned, it may be presumed that 
it is impossible to do without carpets, 
curtains, and stuffing to the seats, other- 
wise there need be nothing inflammable 
in the furniture. 

The floor should be laid with blocks of 
hard wood, over the fire-resisting floors, 
for comfort. 

. As many bodies which are incombusti- 
ble under normal conditions become 
inflammable at a high temperature, every 
means should be taken to keep a theatre 


‘shaped flue, up which the products of 
‘combustion might pass. It must be borne 
|in mind that perfect ventilation is imper- 
ceptible; but to acquire such ventilation 
has been found a hard task, therefore 
i theatres have been left to take care of 
‘themselves, and in but few cases the 
| slightest provision taken to render them 
little better than death-traps. Whether 
‘the mode applied be what is known 
as the vacuum or natural system, 
‘or the plenum or mechanical, seems 
‘of little moment, provided fresh air 
‘is continually admitted throughout the 
‘whole house. The number of deaths 
‘occasioned through breathing the foul, 
_ poisonous, and heated air of our theatres 
lis far in excess of those caused by fire 
,and panic. It would be as well if some 
| of the numerous authorities which govern 
places of entertainment in this country 
| were to turn their attention to this fact; 
‘but I fear the familiar adage may only too 
‘truly be said of theatre regulation, that 
'“too many cooks spoil the broth.” Large 
‘sums of money have been expended in 
|providing means to avert dangers that 


cool, adding to the health, comfort, and | may occur some day, while the fact that 
safety of all. When heat is much concen- | thousands nightly breathe the poison that 
trated, it makes substances highly inflam- | will bring disease and untimely death with 
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it, even to the strong, is totally ignored. 
Lightning conductors should be fixed 
at various points outside the building. 


MarertaLs FOR PREVENTION OF Fire. 


The accepted idea of what is fire-proof 
is a very mistaken one. Materials that 
are incombustible are not therefore fire- 
proof; take iron and stone, both accepted 
legally as fireproof, and both among the 
first substances that will succumb to the 
influence of heat and sudden change of 
temperature. To give an idea how totally 
mistaken some are as to the fire-resisting 
qualities of materials, I have known lead 
suggested as a substance to be used to 
render floors fireproof. Lead, of all 
materials, is the most dangerous, and the 
most dreaded by the fireman. 

The walls must be solid and very thick, 
well bonded into each other, of good sound 
bricks ; bond timbers should not be ad- 
mitted, but hoop iron bond should be 
used. Every opening should have an 
arch turned over it, the use of lintels, 
either of stone or wood, being discarded. 
The walls should be corbelled out to 
receive the floors. 

The floors, where possible, should be 
abutting 


supported on brick arches 
against brickwork, but on no account 


against iron. When the floors are con- 
structed of iron and concrete, the iron 
should be completely embedded in the 
concrete, and the concrete should have 
the aggregate of calcined material, such 
as broken bricks, clinkers, or broken 
pottery. The circles should either be 
constructed of iron and concrete, or of 
timber in large balk, and of the hardest 
description, such as elm or oak, which 
should be thoroughly protected from the 
action of fire by thick coatings of plaster ; 
gypsum, or plaster of Paris, is well 
adapted for this purpose. 

Where iron columns are used, they 
should be protected by a thickness of 
fire-resisting plaster or cement, held to 
the columns with a good key. Strong 
posts of the harder woods would suffer 
less from the changes of temperature 
than iron, but their thickness would de- 
stroy a good deal of the sighting. 

The ordinary thin iron doors are of no 
use to resist fire. If iron doors were 
placed on both faces of the walls the 
space between might be filled up with 
some wet materials to keep them cool; 





but it would be a very difficult task to do 
this to every door in a theatre. Thick 
oak doors would resist fire for a long 
time. Wooden doors, lined with sheet 
iron or zine, would be more effective than 
the thin iron doors so often met with; 
none of these, however, would be fire- 
proof, although jire resisting. to a certain 
extent. A perfect tire-resisting door could 
be made on the same system as safe 
doors, having an inner case of iron packed 
with sawdust and alum, surrounded by a 
strong, well-bound and well-hung outer 
case. These would be heavy and expen- 
sive, and as all fire-resisting doors must 
be hung to close automatically, they 
would be dangerous; but they should be 
fitted to divide the greatest risks, such as 
the workshop section from the stage, the 
stage from the auditorium. 

Steps and landings should be made 
solid, of approved artificial stone, fire- 
clay, or concrete, whose aggregate has 
already been burnt. Stone should be 
avoided, as, in the words of Captain Shaw 
—a man whose opinion on such subjects 
is the best in the world—it yields to fire 
more rapidly than any other material, is 
the most dangerous of all materials, as at 
sudden changes of temperature it cracks, 
leaving a passage for smoke. 

That unprotected iron is unsafe, owing 
to the risk of fracture, and the loss of 
strength attendant upon great heat, is a 
fact well known, and as it is sometimes 
applied, it is a source of great danger, 
assisting in the destruction of the build- 
ing, as its contraction or expansion will 
thrust out or pull down the walls, and 
even when covered with cement, it will 
suffer in great heat. Wood is only a 
dangerous material when used in thin 
slices. “It will withstand a powerful 
dead heat upon its sides for an indefinite 
period without igniting, unless transverse 
sections of the fibre, such as a knot, pre- 
sents itself to the action of fire.” If 
used in large balk of the harder kinds, 
and protected with plaster, it is infinitely 
safer than naked iron. 

The use of plaster as a fire-protecting 
agent I would strongly advocate; it is 
light, and resists fire for an indefinite 
period. 

It would perhaps be as well to enumer- 
ate some of the many causes from which 
fires in theatres have originated and be- 
come fatal, before considering the last 





VAN NOSTRAND’S ENGINEERING MAGAZINE. 





part of our subject, namely, the extinction 
of fires. 

Bad arrangement and planning of the 
various sections, and not making each an 
independent fire risk, and not providing 
separate accommodation for each depart- 
ment or trade. 

Danger from contiguous houses, and 
from people living in and about the the- 
atre. 

Bad judgment in the choice of materi- 
als, and bad or faulty construction. 

Foul or imperfect flues. 

Darkness and dirt, and keeping rubbish, 
shavings, &c., on the premises. 

smoking in the theatre proper. 

Overheating through lack of proper 
ventilation. 

Unprotected gas-lights, and escape of 
gas from imperfect fittings. 

Upsetting oil lamps. 

Using matches or other naked lights. 

Imperfect system of electric lighting. 

Accumulation of heat round the sun- 
burner, and not cleaning same. 

Carelessness in the manipulation of the 
staye during a performance. 

The use of firearms, fireworks, and 
colored fires. 

The want of a properly organized fire 
watch, defective fire appliances, and lack 
of water. 

Carelessness among workmen, such as 
carpenters and plumbers. 

Lightning, concentrated rays of the sun 
by means of lens, spontaneous combus- 
tion, and incendiarism. 


Extincrion oF Fire. 


When a building has been constructed 
that will in every way retard the spread 


of fire and panic, it should be considered | 


how, should the fire, in spite of all the 
precautions, occur, it could be most effect- 
ually coped with. 

A theatre, from the nature of its busi- 
ness and contents, cannot be jfire-proof, 
although fire-resisting; but there is no 
reason why fires should not be localized 
and burn themselves out in the depart- 
ment in which they originate. Every 
means, therefore, should be taken to 
extinguish fire. Water is the element to 
overcome fire; it is cheap, and can be 
obtained in large quantities, and if there 
is some at hand when a fire first breaks 


out, a jug-full, judiciously used, would | 


prevent the loss of much life and prop- 


erty. 

As regards fire appliances, there should 
be an unsparing supply of fire-buckets, 
always full of water, in all parts and sec- 
tions of the building; more good can be 
done with these, if used in time, than any 
elaborate appliance that may come into 
use when the fire has got a hold. These 
buckets should be made conspicuous, 
labeled “ fire-buckets,” painted red, and 
never allowed out of their place. Hand- 
pumps, with and without pails, should be 
distributed about the building, with a few 
chemical engines. Hydrants should be 
mounted on the rising main on every 
floor, in every section, and every 40 feet 
apart, having the hose “married” and 
ready for action. All proper tools and 
implements should be near at hand, wet 
sponges, wet blankets, hatchets, axes, &c., 
&c., being distributed about the stage and 
other parts. There should be a cock on 
each hydrant to fill buckets from. Hy- 
drants should also be placed outside the 
building, and on the roof. 

All fire appliances in these buildings 
should be periodically tested by the au- 
thorities ; for the lack of this they are too 
often, on an emergency, found to be use- 
less. The pattern of the appliances should 
be similar to that of the brigade of the 
town in which the theatre is situated, so 
that the theatre and town appliances may 
be used indiscriminately. 

Ladders should be fixed from the roof 
to within 20 feet of the ground, where 
external aid can easily reach them. Lron 
balconies should be provided to windows. 

It seems almost needless to say that 
there should be a sufficient supply of 
water, at a pressure strong enough to 
reach the highest part of the building. 
In towers formed at a height above the 
roof, there should be large water tanks, 
as a secondary supply, supposing the 
main failed at any time, but too much 
reliance must not be placed on tank hy- 
drants. Experience has taught us that 
the tanks are too often empty, or only 
partly full, owintg to the want of a con- 
stant supply from the water companies. 

So much has been said upon the desir- 
ability of employing brigade firemen, well 
versed in their business, in lieu of the, in 
in more senses than one, “ theatrical fire- 
man,” that I need not repeat the argu- 
ments in favor of the brigade men. Two 
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trained firemen should be in charge of 
the house from an hour before the per- 
formance till daylight, and two others 
should have charge during the day, all 
four being present when the house is 
open. The stage should never be left 
during the performance, and at the same 
time it would inspire the audience with 
confidence to see firemen walking about 
the auditorium. By the day watch the 
appliances should be cleaned and kept in 
repair, everything being tested every day 
at a fixed hour, say 6 p. m., just before 
the audience is admitted. 

It should be the duty of the firemen to 
keep everything in working order, and 
they should be required to do nothing 
else. Imagine a stage without a respons- 
ible fireman, if, in the full swing of a 
pantomime, a small fire occurred. It is 
easy to conceive the confusion there would 
be among the numerous young and ner- 
yous people employed on the stage. The 
noise behind, even supposing the curtain 
to be down, would cause fear and panic 
among the audience, and a stampede 
might be the result. But if steady, expe- 
rienced men, always ready for action, are 
employed, and the buckets and appliances 
are always in their places and in order, 
with plenty of water at hand, there need 
be no fear of fires on the stage. Yet 
there are many theatres in which the 
water supply is insufficient, the appliances 
imperfect, and no organized tire-watch in 
existence. 

To extinguish fires on the stage, a 
suggestion has been made that a series 
of perforated pipes be fixed to the under 
side of the gridiron, or to the gas battens, 
governed by a series of stop-cocks on the 
stage. By this means the scenery that 
had not already ignited might be moist- 
ened, and the spread of fire stopped, but 
a great destruction of property would 
ensue. Far better get at the heart of the 
fire with a hand-pump or bucket of water. 

Telegraphic communication should be 
held with the nearest fire-station. Too 
much reliance should not be placed on 
emergency fire-alarms. People are apt 
to become careless when they put their 
confidence in these appliances; they are 
also liable to act when no danger exists, 
especially in this class of building, where 
the temperature at times is so high; and, 
on the other hand, when most needed 
they may be out of order through disuse. 





All check-takers and attendants should 
wear uniform, to be conspicuous, so that 
they may be better able to manage the 
people on an emergency. They shculd 
attend fire-drills, and be able to help the 
firemen when needed. For the same 
reasons it is well to have a policeman or 
two about the building. 


To extinguish fire, provide good and 
sound appliances, plenty of water, and a 
good watch. 

Theatres are luxuries, and to enter 
some of them one pays dearly, both as 
regards money and the risk of losing 
one’s life. If we pay so highly, surely we 
should be better protected while there. 
But the system seems to be to work the 
house as cheaply as possible, and to pack 
as many into it as it will hold, at as high 
a price as they will pay. 

After every consideration is given to 
the disposition and construction of the 
building, and it has been passed by the 
authorities, the architect, under whose 
supervision the house has been built, 
hands it over to the manager for the 
rest of its existence, except in rare cases 
where the architect receives a fixed re- 
muneration for periodical visits—which 
should be the case everywhere. As a 
rule, the manager is a man of refinement 
and education, who will do everything in 
his power to protect the public and 
make the house popular. But for all 
that there should be a further continuous 
inspection supervising the management, 
as is being advocated by Mr. Dixon- 
Hartland in his bill now before the 
House of Commons. _ A staff of inspec- 
tors knowing the architectural arrange- 
ment, and the business peculiar to the- 
atres, should be appointed, with power 
to visit the houses at all odd times, be- 
fore, after, during the performance, in 
the day, and even in the middle of the 
night, unbeknown to the management. 
Reports as to the condition in which they 
find the house, and the way in which it 
is being worked, should then be made 
to the one recognized authority which 
should take the place of the many that 
now exist. 

In theatres which at present hold cer- 
tificates from the Metropolitan Board of 
Works as being structurally safe, fresh 
dangers may in a year or two arise, 
through alterations being made, per- 
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haps trivial in themselves, but to which 
some risk is attached. There are other 
matters requiring supervision besides 
structural defect, 7. ¢., ventilation, water 
supply, and the general management of , 
the whole establishment. Until these 
inspectors are appointed, the public can- 
not be protected as they ought to be; on 
the other hand, it would be useless to 


make managers suffer from more official 
inspection, unless the men can be found 
to till the posts who are qualified through ' 


DENUDATION 


previous experience in the modus oper- 
andi of theatre management and con- 
struction. 

Once more I would strongly urge that 
the best safeguards against fire are good 
planning and construction, perfect venti- 
lation, light, and scrupulous cleanli- 
ness ; that the best means to extinguish 
fire are a good fire-watch and plenty of 
water; and that on no account should 
“emergency ” appliances be relied on in 
a theatre. 


BY RIVERS. 


From ‘“ The Engineer.” 


Amone the many important and com-, 
plicated questions with which the prac-| 
tical hydraulic engineer has to deal, 
there are few more important, and few, | 
perhaps, more complicated, than that of 
the discharge of water through open | 
channels. Naturally, therefore, it has 
engaged the attention of engineers from | 
an early period, and the formule laid 
down on the subject by Dubuat, Eytel-| 
wein and others date from centuries ago. 


Their experiments, however, were mostly | 
conducted on channels of very small sec- | 


tion, and it has long been recognized 
that to extend these to natural rivers, or 


even to channels of different dimensions, 


is to commit a grave error. Numerous 


formule have since been introduced, in | 
the hopes of improving on the results of | 


these early experimenters. Turning, for 


instance, to the well-known pages of 


Molesworth’s Pocketbook, we find that 
the mere list of such formule occupies 


almost a page of small print, and that at | 
least twenty authorities are there men- | 


tioned by name as having contributed to 
the subject. 
ary on 
given at the bottom of the same page, 


where four cases of actual discharge, va- | 


rying from 24 to over 1,000,000 cubic 
feet per second are compared with the | 
calculated results for the same conditions, | 
derived from nine approved rules on the | 
subject. The differences are very strik- 
ing ; in some cases they amount to nearly 
100 per cent., and in many cases to at 
least 50 per cent. Nor is this a solitary 


But as a striking comment- | 
. . | 
their success a small table is 


instance. Major Cunningham, in his re- 
cent work on the Roorkee hydraulic ex- 
periments, arrives at very much the same 
result. Again, in papers published in our 
|issue of November Ist, 1872, p. 293, the 
|results given in the classical experiments 
of D’ Arey and Bazin are compared with 
the calculated results derived from sev- 
eral of these same formulz, the object 
being to test the value of the formula 
obtained from theoretical considerations 
by the late Canon Moseley. Any one who 
will turn back to these figures will see 
|divergences startling enough to prove 
that we must at least use considerable 
éaution in adopting any formula for such 
purposes; and yet the conditions were 
here unusually favorable, as the experi- 
ments were carried on, not in the diffi- 
cult and irregular channel of an actual 
river, but in an artificial conduit specially 
prepared for the purpose. In spite of 
these facts, which it is impossible to 
deny, nothing is more common than to 
see the most confident and offhand state- 
ments made as to the discharge of all 
sorts of rivers under all sorts of circum- 
stances. To take one example, derived 
from the science of geology: It is fre- 
quently stated in geological works—as, 
for instance, by Mr. Alfred Wallace, and 
by Professor Geikie in his late admirable 
Manual of Geology—that a certain defi- 
nite thickness of earthis removed from the 
surface of the land every year by the rivers 
which flow through it, and is by them emp- 
tied into the sea. The actual thickness, 
in thousandths of an inch per annum, is 
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given with all the confidence of an ap- 
proved scientific fact. We have never 
been able to trace this statement to its 
original source, but we have no hesita- 
tion, as practical engineers, in pronounc- 
ing it to be altogether visionary. It is 
worth while to consider for a few mo- 
ments what data would be requisite be- 
fore such a figure could be laid down, 
even to the very roughest degree of ap- 
proximation. 

Of course, the only possible method of 
determining it lies in measuring, by 
some mode or other, the quantity of mud 
—or silt, to use the most general term— 
which all the rivers, say, of this country, 
carry into the sea during the course of a 
single year. What would any engineer do 
if he was given the commission of carrying 
out such an inquiry? He would have, in 
the first instance, to ascertain the mean 
annual discharge of every river or stream 
emptying itself into the tidal estuaries 
of Great Britain. It would be worse 


than useless to conduct observations 
upon these estuaries themselves, because 
it is perfectly well known that the silt 
suspended in such waters at any moment 
gives no evidence whatever as to the 


amount of silt whichis conveyed into these 
estuaries from the uplands during each 
year or day. Therefore it would be vain, 
for instance, to compute the silt carried 
down by the Thames from observations 
taken below Tedington Weir; we must 
examine the Thames itself above that 
weir, and all the streams which enter in- 
to it lower down must be subjected to 
a separate investigation. Let us consider 
next what will be necessary in the case 
of any one of those streams. In the first 
place our engineer must have the means 
of measuring its discharge with sufii- 
cient accuracy on any particular occasion 
he may desire. We have said enough al- 
ready to show that this is an exceedingly 
difficult matter, that he will be unwise if 
he relies even upon the best of the dozen 
or so of formule amongst which he may 
take his choice; and that he is, in duty 
bound, to make an accurate determina- 
tion in the case of each river in order to 
take full account of local conditions. Let 
us assume that he has done so, and that 
he is thus able by a series of observa- 
tions to ascertain with fair correctness 
the discharge taking place on any partic- 
ular day. It is obvious that to Measure 
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this discharge for a single day only 
would be utterly futile. During a winter 
flood many rivers, even in England, will 
send down 50 to 100 times the water in 
an hour compared to that which dribbles 
over their bottom towards the end of a 
summer drought. Our engineer must, 
therefore, measure all the great floods 
which occur during the year he has se- 
lected, and must also take a large num- 
ber of measurements both in the wet and 
dry seasons. This done, he must search 
carefully the meteorological records of 
the district—if he can find any—in order 
to ascertain whether this particular year 
may be taken as a fair average example, 
and if not, he must make such addition to 
or subtraction from his results as his own 
judgment shal] direct him. Failing this, 
he will have no recourse but to renew his 
observations from year to year, until in 
the lapse, say, of a generation, a true av- 
erage can be struck. At the end of this 
time, provided there are no indications 
of a progressive change in the climate 
and rainfall, he may fairly be allowed to 
state what the mean annual discharge of 
this particular stream may be. 

But his work is only begun after all ; 
it is not the quantity of water discharged 
which he is in search of, but the quantity 
of silt. He has to determine not only 
the number of cubic feet of water which 
has flowed through his channel in a par- 
ticular year or a particular half century, 
but how much solid mutter each of these 
cubic feet held in suspension while it 
passed. To do this it will by no means 
suffice to pick up a bucketful every time 
that he makes an observation, have it 
carefully evaporated, and weigh the resi- 
due which remains. We know scarcely 
anything of the laws of distribution of 
suspended matter within the waters 
of a stream. It may, indeed, be as 
sumed that the quantity per cubic foot 
will be larger towards the bottom 
than towards the top of the current; 
but the law according to which this 
varies is quite unknown. All that we 
can be ‘sure of is that this law itself will 
vary, probably very largely, with the 
depth of the current, with its velocity, and 
with the contour of the bottom, with the 
material of which that bottom is com- 
posed, and probably with many other 
local circumstances. It will not do, 





therefore, to trust to anything less than 
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the collection of a large number of sam- 
ples, say 50 to 100, from all parts of the 
cross section, on each occasion when the 
discharge is measured, or at any rate, on 
each occasion when the river is in an 
abnormal condition. Suppose this to be 
done and the weight of silt per cubic 
foot at each of these places to be ascer- 
tained by the slow method of evaporation 
and weighing, then it will by no means 
do to strike an average of all the fifty 
and multiply this by the number of cubic 
feet discharged per hour; for the veloc- 
ities at different parts of the cross section 
are very different, and this will clearly 
modify the results. Thus, if the velocity 
at the bottom is half that at the top, 
whilst the weight of silt per cubic foot is 
double, it will be seen that the amount 
of silt carried down per square foot of 
area at the bottom and at the surface 
will be really the same. Hence, we must 
know the average velocity in each of the 
fifty divisions, say into which our cross 
section has been partitioned off for con- 
venience, and we must also know the ay- 
erage weight of silt per cubic foot corre- 
sponding to that division. Multiplying 
together each pair in these two series of 
numbers and adding the products thus 
obtained, we shall arrive at some sort of 
approximation towards the quantity of 
silt which our stream was carrying down 
per hour, on the day when this particu- 
lar observation was taken ; and the same 
process will have to be repeated for 
every one of the separate observations 
which have been described as being neces- 
sary in order to solve the problem of mean 
annual discharge. The experiments 
must necessarily be conducted over a 
considerable number of years, because it 
is quite possible that the effects of drain- 
age, denudation, or other causes may 
produce a progressive increase or dimin- 
ution of the average quantity of silt 
borne down, and of this it will be neces- 
sary to take account. 

So much for our single river; we have 
now to perform the same task for every 
other river and stream, from the largest 
to the smallest, which empties into a tide- 
way around the coast of our island. The 
smaller streams will no doubt, give less 
trouble than the larger, but they must by 
no means be neglected. We have no 
means at hand of estimating the number 
of such streams, but assuming that there 





is merely one for each mile of coast, it 
will be evident that it will be consider- 
ably over 1,000. Supposing, however, 
that the whole of these have been gauged, 
and the discharge of silt calculated in 
the manner just described, we may per- 
haps imagine that our engineer's task is 
atanend. Nota bit of it. He has to 
ascertain not merely how much solid mat- 
ter has been carried into the sea per an- 
num, but how thick a layer of solid mat- 
ter has been subtracted from the land. 
Now, the quantity of the solid matter 
upon the land is being added to every year 
by the operation of certain very obvious 
causes, such as the falling of leaves, the 
decay of plants and animals, the applica- 
tion of foreign manures, &c. Possibly 
some one may object that organisms, 
whether plants or animals, can only 
build up their substance from materials 
already existing in the earth, but a mo- 
ment’s reflection will show that a large 
part of their substance is derived either 
from water or from air. It is precisely 
this decaying organic matter, lying, as 
it does, at or near the surface of the 
ground, which will be washed off in the 
greatest proportion by rain and by rills, 
and will so find its way into the rivers, 
and thence to the sea. Therefore, our 
engineer must of necessity do one of two 
things: he must either analyze carefully 
every ounce of silt recovered in his ob- 
servations in order to ascertain beyond a 
doubt, first, how much of it is due to 
organic and how much to inorganic mat- 
ter; secondly, how much organic matter 
was derived from the earth and how 
much from air and water; or, failing 
this, he must by some means or other 
calculate the whole volume of matter 
which has been added to the earth by 
the causes above mentioned, he must 
measure the quantity which remains at 
the end of that period, and he must sub- 
tract the difference—or rather the differ- 
ence less that part of it which is due 
primarily to inorganic constituents—from 
the total amount which he has already 
ascertained to form the burden of the 
rivers as they fall into the sea. 

We have, perhaps, said enough to 
show, however faintly and inadequately, 
the nature of the task which an engineer 
would have before him if he were set 
to ascertain the correctness of the figure 
which geologists quote so confidently, viz., 





ELECTRICAL 


the thickness of the layer of soil which 
is removed annually from our British 
Isles by the operation of what is called 
sub-aerial waste. 
and regret steals over us as we close the 
record. Whata pity that the determina- 
tion of this figure is not a matter of par- 
amount national importance to be settled 
at any cost! and what a pity that we our- 
selves are not given the responsible task 
of settling it! It would resemble one of 
those magnificent Chancery suits which 
an attorney of the old school was wont 
to regard with so much complacency and 
satisfaction ; a suit which he could slowly 
administer during his life-time, and hand 
on to his children with his blessing on 
his deathbed, certain that it would re- 
main as a sure and comfortable source of 
income to them and their children yet 
unborn. 


And yet geologists quote this figure , 


A feeling of longing | 
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with perfect confidence, as if it was 
known to the 10,000th of an inch. They 
do more—they calculate on this basis 
the number of years which will elapse 
before Great Britain becomes a dead 
level, totally forgetting that the diminu- 
tion of slope all over the country will 
wholly change the conditions of the prob- 
lem. They do this in the name of science, 
and in the next breath inform us that 
science is measurement ! 

Our geological problem has detained 
us so long, even in the mere stating of 
it, that we have no space left to consider 
further the special engineering problem 
—that of determining the discharge of 
rivers—with which we set out. We 
hope, however, to return to it at no dis- 
tant date, having perhaps said enough, 
even here, to show that it is not one to 
be settled off-hand, and without either 
reflection or research. 
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CONDUCTORS. 


By WILLIAM HENRY PREECE, F.R.S., M. Inst. C.E. 
Proceedings of the Institution of Civil Engineers. 


I. 


In no branch of engineering has the 
mutual dependence and reaction between 
practice and theory been more beneficial 
than in the useful appliances of electric- 
ity. Without theory the rule-of-thumb 
telegraphist would have been stationary. 
Without practice the electrician would 
have been a dreamer. The practical dif- 
ficulties of telegraphy incited the physi- 


cist to trace out the laws that govern the | 


behavior of this subtle Power of Nature, 
and the appearance of new facts has 


driven the practical telegraphist into | 
Physi- | 
cists have been metamorphosed into prac- | 


lines of inquiry and discovery. 


tical engineers, while no telegraph engi- 
neer deserves that title unless he also 
possesses that as a scientific man. 

These conclusions are very strongly 
illustrated by the improvements made in 
the quality of the conductors employed 
for the transmission of electric cur- 
rents. 


Copper.—In the first telegraphs of 
1837 nothing but copper wire, owing to 


\its high position as a conductor, was 
jused in England, and it was buried 
| underground ; but the difficulty then ex- 
| perienced in insulating buried wires was 
so great, that they were removed from 
/underground and suspended on poles.* 
|The ductility, the want of tensile 
| strength, and the absence of elasticity of 
|copper, as then produced, rendered it 
impracticable for this purpose. It was 
speedily replaced by iron. Iron has 
since been almost universally used for 
aerial lines, while copper remains the 
sole material for underground and sub- 
marine purposes where mechanical 
strength is of little consequence. Me- 
chanical strength and price seem to have 
been the only considerations that gov- 
erned the choice of conductors in the 
earlier days; but as soon as speed of 
transmission assumed a commercial as- 
|pect, as it did in 1858, when Atlantic 
|telegraphy was an accomplished fact, 


| * In 1848 a copper wire was put up between Paris and 
| Rouen. 
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then the electrical qualities of the mate- | omical advantage, for it lessens the waste 
rial engaged the attention of the tele-| of energy in the circuit in direct propor- 
graph engineer. Sir William Thomson tion to the improvement effected. In an 
in 1856 pointed out the great differences | electric-light main a difference of 10 per 
in conductivity observable in various cent. in the purity of the copper might 


samples submitted to him, although 
these samples were supposed to be of the 
very best quality; while the late Mr. 
Augustus Matthiessen in 1860 made an 
exhaustive inquiry into these variations 
and their causes. He determined the 
electrical conductivity of pure copper, 
and defined a standard which is that now 
in use,f and showed that the variations 
were due to impurities, principally oxy- 
gen and metalloids. 
arsenic reduced the conductivity 40 per 
cent., while contact with air when in a 
molten state reduced it 24 per cent. 

The result of Matthiessen’s inquiries 
has been not only to remove the great 
variations in the conductivity of the cop- 
per, but to immensely improve its qual- 
ity. While in 1861 electricians were 
content to specify that the copper should 
not fall below 85 per cent. of pure cop- 
per, they now specify 96 per cent, and 
they obtain it of a remarkable uniform 
quality. The value of this improvement 
may be estimated from the fact, that the 
carrying capacity of a cable for messages 
is increased in the same proportion as 
the conductivity of the copper is im- 
proved. 


of messages that a similar cable of cop- 
per would in 1858. 

The progressive improvement is shown 
by the following table : 

Cable. 

Dover and Calais 
Portpatrick and Donaghadee. . .1852 
Atlantic Cable 
Red Sea 
Malta and Alexandria .. ...... 
Persian Gulf 
Atlantic Cables........... 060... 1865 
Irish Cable 
Pure copper 


Conductivity. 
42.00 
46.00 
50.00 
75.00 
87.00 
89.14 
96.00 
97.90 

100.00 


Year. 


It is not, however, alone in cables that | 


an improvement of working has been ef- 
fected by increasing the conductivity of 
the copper. It has imported additional 
efficiency to the apparatus. Greater use- 
ful effects are obtained with the same 
current. 
tions of the current, it has an econ- 





+ Mathiessen’s standard is 100 inches, weighing 100 
grains, giving 0.1516 ohm at 60° Fahrenheit. 


A mere trace of | 


Thus a cable made of the cop- | 
per of to-day will carry twice the number | 


In all the practical applica- | 


“lead to the waste of several HP. The 
test for purity is extremely simple. 
Every text-book, or book of tables, has 
the resistance of a foot-grain, a meter- 
gramme, a mile-pound, or a knot-pound,* 
of pure copper at every degree of ordi- 
nary temperatures—call this R; . Take a 
piece of the cylindrical conductor to be 
measured. Let w be its weight, / its 
length, the 

R, 2 _ 


w 


r, 
gives its resistance at the temperature at 
the point of observation if it be truly 
cylindrical and the copper be pure; but 
by actual measurement it will be found 
to ber, Then 

100 


=—, or r= 
2 


‘1 
S 


2 


ox”. 
r, 
and x is its percentage of purity. 

The resistance of all metals is very 
much affected by temperature. Mathies- 
sen studied this with great care. He 
found that within ordinary limits the 
|inerease due to higher temperatures was 
approximately expressed by the formula. 


R =R, (1+a?), 


where R, is the resistance at 0° and R; the 
| resistance at the temperature ¢. He as- 
_certained the coefficient a to be for pure 
copper 0.0038. Thus the resistance is 
‘increased 38 per cent. between the freez- 
ing and boiling points, and it may there- 
‘fore be increased 20 per cent. between 
| winter and summer temperatures. Hence 
it is desirable to determine the efficiency 
|of electric-light leads at the highest 
‘temperature to which they will be ex- 
| posed, to avoid unnecessary and injurious 
waste of energy. 

But copper is not only used for sub- 
/marine cables and for underground lines; 
it is also employed for overhead wires 
‘through towns and many smoky dis- 
|tricts. It is not so readily attacked by 





weighing 
| * 1 metre 1 gramme = 0.144 ohm at 0°C. 


= 0.2064 
= 1091.22 ‘ Bi 


842 “ “ 


1foot 1 grain 
1knot 1 pound 
1 mile " 
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the gases in the air as in iron or zinc. 
For such purposes, however, mechanical 


strength, which is of little consequence ' 


in insulated wires, becomes of essential 
importance. 

Copper wire when in the process of 
manufacture is always drawn cold, and is 
said to be “hard-drawn” before it is 
subjected to the annealing process, after 
which it is called “soft.” Soft copper 
always gives a higher conductivity than 
hard-drawn copper, but its tensile 
strength is reduced. Pure soft copper 
has a very small breaking strain, probably 
under 10 tons on the square inch, but 
hard-drawn copper is now supplied that 
has a breaking strain of 28 tons on the 
square inch. 

Copper wire has been erected in locali- 
ties where iron wire is destroyed in a 
few months, and now, after four years’ 
experience, it appears practically un- 
altered. The diameter of the wire has 
not been lessened ;,);5 inch, and it main- 
tains its original qualities unimpaired. 
In the neighborhood of chemical, varnish 


and other works it becomes encrusted | 
beneath this it, 


with a thick deposit, but 
remains unaffected. 


Age alone, as far as 
tends, seems to have no 
fluence on the quality 
copper. Its conduetivity and its ductility 


experience ex- 
appreciable in- 
of unstrained 


remain constant. But when copper wire 
has been removed from magnet coils, 


such as the field magnets of a dynamo, | 


it becomes brittle, but curiously enough 
this seems to occur even when the 
magnets are out of use. Mr. Sabine has 
found that silk-covered wire, particularly 
of the finer sizes, wound upon experi- 
mental apparatus, gets in a few years 
equally brittle, whether the instrument 
is thrown aside or whether it is contiuu- 
ously at work. Neither paraffin nor 
electro-gilding checks this brittleness. It 
is probably an effect due to the strains 
that the wire experiences when wound 
on a reel and subject to the incessant 
rariations due to change of tempera- 
ture. 

Mathiessen observed no difference pro- 
duced by the passage of electric currents. 
The conductors of the Atlantic cables 
laid in 1858, 1865 and 1866 are found as 
perfect now as when they were made. 


The conductors of all cables seem to! 


remain constant. But Gaston Planté 


discovered that the continued discharge 
of great quantities of electricity through 
fine wires rendered them brittle, and 
Callaud asserted that lightning conduce- 
tors were very brittle. If that be so, 
some result may be anticipated from the 
employment of currents for electric 
lighting. At present there has scarcely 
been sufficient experience to teach much 
on this point. 

It is well known that impure copper 
and its alloys, particularly brass, become 
brittle when exposed to atmospheric in- 
fluences in workshops, but this ivfluence 
has not been observed in telegraphic 
conductors. 

Wires more than twenty years old, used 
as battery leads, and constantly subject 
to the transference of electricity through 
them, show no signs of deterioration. 
The experience of telegraph engineers 
is entirely in favor of the constancy and 
durability of copper as a conductor. 

The size of conductors is governed by 
strictly theoretical conditions, dependent 
upon the purposes to which they are ap- 
plied, and it is controlled by commercial 
considerations. In telegraphy, speed of 
working is the criterion; in electric 
lighting, and in the transmission of power, 
waste of energy is the criterion. Sir 
William Thomson has given a law which 
indicates, that the annual value of the 

yasted energy must equal the interest 

on the capital expended in laying down 
the conductor to give the maximum use- 
ful economical result. Any departure 
from this law, to secure low capital ex- 
penditure, means shortsighted policy and 
non-scientific practice. 

Copper is imported into the country 
either as ore or as regulus, bar or ingot. 
The purest comes either from Japan, 
Chili, Australia, or from Lake Superior. 
Much pure copper is produced by the 
Swansea method of copper-smelting, es- 
pecially by the modification of that sys- 
tem known as “best selecting;” but 
within the last few years very pure cop- 
per for electrical purposes has been ob- 
tained. by improvements in the treatment 
of the metal in the smelting and refining 
furnaces, some of which have been so 
successful that there is no difficulty in 
getting metal giving an electrical con- 
ductivity equal to 99 per cent. of pure 
copper. Great purity of copper is also 
arrived at by electro-deposition, of which 
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there are two methods: the one by de- 
positing the metal from a solution ob- 
tained from the ore, the other by using 
impure copper as the anode in a deposit- 
ing bath containing a standard solution. 
Electro-deposited copper has not the 
same mechanical strength as ordinarily 
refined copper. 

At the Paris Electrical Exhibition of 
1881 there was one coil of copper wire 
1.3 millimeter in diameter, weighing 181 
kilogrammes, and measuring L5 kilom- 
eters long. 

Iron.—Iron has been hitherto used 
exclusively for overhead wires. In the 
first days of gutta-percha, about 1849, 
iron was employed as the conductor to 
be coated with the new gum, but its in- 
applicability for this purpose was speed- 
ily discovered. Its abundance, its 
cheapness, and its admirable mechanical 
properties have singled it out for prac- 
tical telegraphic purposes; but its re- 
sistance is very high, and materially in- 
creases the difficulties of the telegraphic 
engineer. The great improvements ef- 
fected in the electrical qualities of copper, 
directed attention to the same qualities 
in iron; but although copper has been so 


vastly improved, the same progress has 


not been made with iron. Copper re- 
finers have relied more upon the aid of 
the chemist than iron-ware manufactur- 
ers. In fact the improvements made 
have been forced upon the latter. The 
process in this case has been more tenta- 
tive and less scientific. There is still 
room for progress. Although the author 
had for many years advocated attention 
to this point, the Americans were the 
first to specify conductivity in applying 
for tenders. They defined a standard 
which was called the Ohm-mile—that is, 
it was the weight of a cylindrical wire 1 
mile in length, which gave a resistance 
of one ohm at 60° Fahrenheit. While 
the first iron wire supplied under this 
specification gave a mile-ohm* of 5,500 
lbs. 1 it is now “freque ntly obtained as low 
as 4,520 lbs. In the present specification 
of the Post Office the fixed maximum 
resistance is equivalent to a mile-ohm of 
4,800 Ibs. 

The amelioration made in the quality 
of iron wire is illustrated by the following 
measurements : 


* Mile-ohm is more e uphonious than ohm- mile, and 
is used in preference.—W. H. P. 


Ohms. 
1873 Iron wire oo Meee 15.31 per mile. 
1883 4 oeceees 0.171 11.30 

In the earlier days of the telegraph 
best puddled iron was used for wire, 
which, however, was very liable to splits 
and flaws, and an alteration was made by 
using piled puddled iron or B B (best- 
best). This description was again im- 
proved by the introduction of “box- 
piled iron” of puddled and English 
charcoal, sometimes called extra B B, and 
by four-sided charcoal-piled iron of 
English charcoal and puddled, which has 
been called extra special B B; but the 
terms B B, &c., have now lost all 
significance—the commonest description 
of fencing wire only being known by 
the term. During the last decade a mild 
English Bessemer steel has been very 
largely employed, especially for railway 
telegraphs, and for staying -purposes ; 
but the resistance of most wires of this 
description is high, averaging about 
6,800 lbs. per mile-ohm, this high resist- 
ance being mainly due to the high per- 
centage of manganese, which in this 
description of wire varies from 0.25 to 
0.75 per cent. The wire used by the 
Post Office is Swedish charcoal, with a 
mile-ohm resistance, as already stated, of 
about 4,520 lbs. Swedish Bessemer, or a 
specially prepared low carbon English 
Bessemer, is used by the Indian Gov- 
ernment, with a mile-ohm resistance of 
about 5,400. Cast-steel wire, with a 
breaking weight of about 80 tons to the 
square inch, has been adopted on the 
Continent for telephone circuits with a 
mile-ohm resistance of 8,000 lbs. The 
table will show at a glance the various 
descriptions of iron and of steel tele- 
graph wire which are now in use, or have 
been used, the tests being given for 
0.171 inch, or 400 lbs. to the mile, that 
being the standard size in England, and 
a size very largely employed throughout 
the world. 

It will be noticed by the following 
table, that while in England, where speed 
of working is the prime consideration, 
and length of span may be neglected, 
electricians are satisfied with a breaking 
strain of 22 tons on the square inch; in 
tbe Colonies, where long spans are 
essential, and speed of working is not 
so important, the specification is 30 tons 
on the square inch. 
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The following chemical analysis of | No. 3. Swedish Charcoal Iron, not suited for 
samples of different wires, with their | P. O. specification. 
approximate resistances and tensile | ‘* 4, Swedish Siemens-Martin Steel, 0.10 car- 
strengths when annealed for use as bon. 
telegraph wire, will be interesting : 5 Best Puddled Iron. 

ANALYSIS OF SAMPLES OF DIFFERENT WIRE. ins see mama special soft quality, 0.15 


No. 1. -—~ Charcoal Iron, very soft and 7 Bessemer Steel, special hard quality, 


pur 
- Swhdish Charcoal Iron, good for P. 0. | 0.45 carbon. 
specification. | 8 Best Cast Steel. 


MECHANICAL AND ELECTRICAL TESTS OF SEVEN DESCRIPTIONS OF IRON TELEGRAPH WIRE. 
Four camngten of each kind. 





1 


. : Resistance 
_| Twists oq. Dreak- per Mile 
Description. ” in —~: ? _ing reduced to 
inches. Weight. 0.171 inch at 
60° Fahr. 





: Per cent. lbs. 

174 1,470 4200 

eee om - Tl 4964 | 13 11} 1,380 3.5592 
B B” puddled iron | 16? 154 | 1,436 3.8897 


14 1,182 3.8983 


17 1,220 0582 
13 1,316 5.5820 
114 1,288 5.6234 
164 | 1,292 .1640 


2. ‘‘B B” piled iron, all puddled 


3. ‘Extra B B.” Box piled of puddled ) | 


and English charcoal, thus— | 144 1,456 5.6191 
ea * $ 15 1,538 5.3715 
E. C. 16 1,398 5.5452 
— | p 2 | 144 1,452 .8017 
pPlPl P| 
# P t ns | 
: E.G 
4, ‘Extra special BB” Four-sided ) 
charcoal-piled English charcoal,and 
puddled thus— 


=e 


sa a 
om ort 








1,634 
2,118 
1,484 
2,548 


J 
‘ 1 oe 
f 
l 


. English Bessemer (known as homoge- 
neous iron) 


1,380 
1,456 
1,318 


6. Swedish Bessemer 


1,191 
1,358 
1,194 
1,128 


7. Swedish charcoal 





Vy x I N * E. aaa charcoal. P=puddled iron. 
ot. XXXI.—No. 1— 
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No. of Samples. | 3 


| 
‘. &. ) 





0.100 

trace 

0.022 

0.045 

0.030 

| trace trace 

| 99. "690 | | 99.700 | 99.440 


Carbon 
0.018 


0.058 


Phosphorus 
0.234 


Manganese 


0.150 | 
0.019 | 


50 | 0.440 | 
18 0.028 | 
92 | 0.126 | 


0.620 
0.060 
0.074 
0.051 


0.100 | | 0.100 | 0. 

trace | 0.090; 0. 

0.035 | 0.0380) 0. 
| 0.077 | 0.103 

0.720 | 1.296 1.584 

trace | trace 

98.200 | 97.410 


0.034 | 0.218 | 

0.324 | 0.234 | 
| trace | 0.015 | trace 

99.600 | 99.110 | 98.740 





Ibs. | Ibs. Ibs. 
4,546 4,502 | 4,820 





Mile-ohm at 60° F.| 


Ibs. | Ibs. | Ibs. | Ibs. | Ibs. 
5,308 | 5,974 6,163 | 7,468 | 8,033 





This table shows in a very striking 
way that the electrical conductivity of | 


iron wire increases with the percentage | i 


of pure iron, except where the percentage 
of manganese is high; an increase in the 
percentage of manganese augments the 
electrical resistance considerably more 


than an increase in the percentage of | 


sulphur or phosphorus. 


The durability of iron wire is main- | 


tained by galvanizing—a most inappro- 
priate title for a very simple operation. 
The wire, which is first chemically 


cleaned by being passed through a bath | 


of hydrochloric acid, is then drawn 
through a bath of molten zine, at such a 


pace as will secure the adhesion of the, 
requisite layer of zinc. The zine becomes | 


oxidized when exposed to the air, and 
since zinc-oxide is insoluble in water, the 
wire is protected with an impervious 
coating; but when this zinc-oxide is 


exposed to sulphur acids it becomes, 
converted into zine sulphate, which is | 
Hence the zine is removed, the | 


soluble. 
iron is exposed, and oxidation and de- 
struction rapidly supervene. 

When the galvanized wire is to be 
suspended in smoky districts, it is addi- 
tionally protected by a braided covering 
well tarred. In some countries, galvan- 
izing is not resorted to, but simple oiling 
with boiled linseed oil is depended upon. 
Such a wire was erected in 1856 between 
London and Rugby, but the result was 
very unsatisfactory. More recently (1881) 
the experiment has been repeated with a 
similar result. In this climate galvaniza- 
tion is imperative. 


But it is not alone in smoky districts | 


where iron wire decays. It suffers much 
along the seashore. The salt spray | 
decomposes the zine oxide into soluble | 
compounds, which are washed away and | 
leave the iron exposed, and this is| 
speedily reduced to mere thin red lines. 


| Where external decay is not evident, 
time seems to have no apparent effect on 
iron wire. Wire that has been erected 
for forty years seems as strong, as elastic, 
and as conductive as it was at first. In 
‘pure country air its durability seems 
infinite; but sometimes, especially 
through fir forests, it is subject to some 
corroding influence. Bauschinger in 
1878 tested iron taken from chain 
bridges that had been erected in 1827 
and in 1852, and found the strength and 
‘elasticity unimpaired. Thurston found 
the same in Philadelphia after forty 
years’ exposure. Thirty-nine years of 
incessant service in conveying currents 
for telegraphy have not apparently altered 
the molecular structure of iron wires in 
the open country on the London and 
|South Western Railway. 

| Manufacture—Swedish charcoal iron 
being now the only description used by 
the British Post Office, the author has 
selected it for describing the manufacture 
of iron telegraph wire. It is imported 
either in bloom or in rods (principally in 
'rods.) Each rod is rolled down to about 
'0.26 inch in diameter, and weighs on 


the average about 1 ewt. 


,| Iron wires used to be drawn in very 


\short lengths, weighing from 15 to 20 
lbs., involving numerous welds, splices, 
or joints—points of great weakness— 
but now they can be rolled and drawn 
into lengths longer than are practically 
required. Coils 0.171 inch in diameter, 
weighing 400 lbs. and measuring 1 mile 
have been exhibited, but 110 lbs. is about 
the best practical limit for transport 
and use. 

By the mills invented by Mr. George 
| Bedson, of Richard Johnson and Neph- 
ews, Manchester, the billets can be rolled 
in this country without welds into rods 
_weighing upwards of 1 ton in weight ; and 
| the author would mention how much 
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telegraph engineers are indebted for the 
modern improvements in telegraph wire 
to the various inventions of this gentle- 
man. 

The Swedish iron owes its value not 
only to its comparative purity, but to 
the fact that it is smelted and puddled 
entirely with charcoal. The best qualities 
are a mixture of various ores, and they 
are known by various brands, the condi- 
tions determining these brands being 
secrets, 

The rods arrive in this country dirty 
and rusty, and the first operation is to 
cleanse them. This is done by immersion 
in a bath of diluted sulphuric acid which 
thoroughly removes every trace of oxide 
and dirt. The clean rods are then coated 
with lime to prevent further oxidation, 
and well baked to dry off all trace of 
acid. One end of each rod is next 
pointed to admit of insertion in the 
draw-hole, and it is then drawn down by 
one operation to No. 5 W.G., or 0.212 
inch in diameter. The act of drawing 
the wire considerably modifies its mole- 
cular structure. It becomes “ short,’ and 
before it can be drawn down to a smaller 
size, it must be well and carefully an- 
nealed. It is then again cleaned and 
coated with lime, and reduced to 0.171 
inch in diameter. Since the drawing 
down has again shortened the texture, 
it has once more to be annealed, before 
receiving its final operation of galvaniza- 
tion. After galvanization it is straight- 
ened by being drawn through a series of 
jockey rollers, and wound round two 
wheels, one of which has a slightly 
quicker motion than the other. It is 
finally gauged and tested befsre being 
stored away for future use. 

The author has described the manu- 
facture of 400 lbs. wire which is that 
principally adopted for telegraphic pur- 
poses in England, but the explanation is 
equally applicable to any other size—the 
wire after each drawing being annealed. 

Testing.—The operation ot testing is 
a most important one, and requisite not 
only for the user, but also for the manu- 
facturer. Flaws, impurities, faults, not- 
withstanding the greatest care, will occur, 
and they can be detected only by the 
most rigid examination and tests. Tests 
are mechanical and electrical. The 
mechanical tests embrace one for breaking 
strain, another for elongation, and a 


third for torsive capacity. For hard 
steel wire, in place of the torsion test, 
it is usual to specify that the wire shall 
bear wrapping round its own diameter 
and unwrapping again without breaking. 
In France the torsion test is replaced by 
another by which the wire is bent at a 
right angle backwards and forwards four 
times for wire 4 mm. in diameter. Spe- 
cial machines are constructed for the 
mechanical tests, the condition to be 
fulfilled being that for the breaking 
strain the increasing load or stress shall 
be applied uniformly, without jerks or 
jumps, and the elongation machine shall 
correctly register the actual stretch 
without the wire slipping. ‘The torsive 
capacity of the wire is determined by an 
ink mark which forms a spiral on the 
wire during torsion, the number of 
spirals indicating the number of twists 
taken before breaking. The electrical 
| test is simply that for resistance—,\, of 
a mile of the wire to be examined is 
wound round a dry wooden drum; and 
‘its electrical resistance is taken in ohms 
by means of a Wheatstone’s bridge. 
Galvanization is tested by dipping in 
sulphate of copper, and by bending or 
rolling round a bar of varying diameter, 
according to the size of' the wire. 

Specification.—The perfection to which 
the manufacture of iron wire has been 
brought is greatly due to the care 
bestowed upon the specifications by the 
authorities of the Post Office and of the 
India Office. No lesson of experience 
has been neglected; no point has been 
left open to doubt. The standard has 
been gradually raised, until it is now 
very high. Itis fixed, and not subject to 
those continual changes that are irritat- 
ing and expensive to the manufacturers, 
who have in consequence been able to 
select their materials, and to ascertain by 
experiment the best methods of treat- 
ment to produce the high results re- 
quired. 

It cannot be too strongly urged that 
specification without rigid inspection is 
valueless. The manufacturer who for 
his own reputation, and in obedience to 
the dictates of his conscience, strictly 
complies with the requirements of a 
rigid specification at the expense of his 
pocket, without the check of a subsequent 
inspection, may exist in theory, but he is 
not found in practice. Equally difficult 
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is it to find the careful and painstaking 
inspector who, possessing the requisite 
technical knowledge and experience, will 
rigidly perform his task, regardless of 
the blandishments of those whose inter- 
ests are affected by his blindness or care. 
lessness. Many administrations object 
to the expense of thorough inspection, 
and the result is they are the recipients 
of the rejected material of those who do 
rigidly inspect. One break in the wire 
costs far more than its inspection, and | 
one extra ohm per mile affects the earn- 
ing capacity of the wire in inverse pro- 
portion. 

It is, however, necessary to remark 
that the mechanical quality of charcoal 
iron wire sometimes changes with time— 
its electrical quality remaining unaffected. 
The molecules seem to set, and the wire 
to decome harder. This is shown by a) 
diminution in the number of twists, and | 
by an increase in the tensile strength. 
Tests repeated at some subsequent period 
may therefore be deceptive, unless al- 
lowance be made for the effect of time. 
Bessemer or homogeneous iron wire as a 
rule improves in its mechanical proper- 
ties by being kept in stock. 

Gauge.—The vexed question of gauge 
as applied to wire has been fought with 
well-nigh the same energy as that of 
railway gauges. The result is, that con- 
fusion has become more confounded. 
The various Birmingham wire gauges— 
as various as the seats of the manufacture 
of iron—were consolidated into one very 
useful gauge by the Society of Telegraph 
Engineers; but the Board of Trade has 
recently taken up the subject, and has 
issued another gauge, which has the 
merit of being authorized, It is fixed 
and legal, and therefore must be accepted. 
However, it departs so seriously from all 
recognized gauges, and ignores so com- 
pletely the metrical system, which is 
steadily and surely making its way into 
commercial use, that the Post Office au- 
thorities have decided to abandon a 
gauge altogether as applied to conduct- 
ors, and to define size by diameter and 
weight. Thus, in future, all copper wires 
will be known by their diameters in 
“ mils,”* or thousandths of an inch, and 
all iron wires by their weights in lbs. per 
mile. The following table gives the iron 
wires generally in use: 








Diameter. 


Weight per mile. | 


millimetres. 


0.242 6.0 
0.209 | t 
0.171 f 
0.121 

0.066 


Ibs. inch. 


| 

| 

800 
600 | 
400 | 
200 
60 

| 


Steel wire is used for long spans, or 
for places where great tensile strength is 
needed ; but it is for the external strength- 
ening of deep-sea cables that steel wire 
is principally adapted. It was first em- 
ployed in the Atlantic cable of 1865 for 
this purpose. It has since been generally 
used for deep-sea cables. The usual di- 
ameter is 0.099 in., and it is specified to 
bear a breaking strain of 1,400 Ibs, which 
is equivalent to 81 tons on the square 
inch. Steel wire has been produced giv- 
ing a much higher tensile strength. 

Compound Wire.—A compound wire 
of steel and copper was introduced in 
America about 1874. It had a steel core 
for strength with an envelope of copper 
to secure conductivity and durability. It 
has a weight only one third of an iron 
wire of the same resistance. It has been 
extensively tried in both hemispheres, but 
without success. It has been impossible 
to secure permanent adhesion of the en- 
velopeand its core. Moisture hasin course 
of time entered, the steel has corroded 
away, and this, even though the copper 
envelope has been deposited electrolyti- 
eally. Light wires of great strength and 
of low resistance would be of inestimable 
value to the telegraph engineer, and the 
failure of the compound wire has been a 
source of much regret. 

Recently a compound wire has been 
erected between New York and Chicago, 
a distance of 1,000 miles, giving only 1.7 
ohm-resistance per mile. It has a steel 
core 0.125 inch in diameter, and is coated 
with copper electrolytically to a diameter 
of 0.25 inch; it weighs 700 lbs. per mile. 
It is very expensive. Hard-drawn cop- 
per or silicium bronze of a much lighter 
character would be equally efficient, at 
probably one-half the cost. 

Bronze Wire.—Phosphor bronze, the 
hard, mechanical qualities and great re- 
sisting powers of which are well known, 
was introduced for telegraph wire about 
five years ago. Several lengths were 
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erected by the Post Office. Two long 
spans cross the channel that separates 
the Mumbles Lighthouse from the head- 
land near Swansea. The object in view 
was to obtain great tensile strength, with 
a power to resist oxidation, especially 
active where the wire is exposed to sea 
spray. This was done in 1879, and now, 
in November, 1883, not the slightest 
change is noticeable in the wire. But 
phosphor bronze, though extensively 
used, has high electrical resistance; its 
conductivity is only 20 per cent. that of 
copper. Moreover, the phosphor bronze 
originally supplied was irregular in di- 
mensions and brittle in character. It 
would not bear bends or kinks. Great 
improvements have recently been intro- 
duced to remedy these disadvantages. 
Phosphor and silicium bronze derive 
their names not so much because phos- 
phorus and silicium are mixed with the 
copper, but because they are used in the 
preparation of the alloy. Pure bronze is 
a mixture of copper and tin, and in the 
refining and mixing process phosphorus 
and silicium have the property of remov- 
ing impurities, particularly the oxides, 
though doubtless some of the flux re- 
mains. Phosphorus has a most injurious 
influence on the electrical resistance of 
the alloy. Silicium is far superior; 


Weight Breaking 
per Mile Elongation 
i Per Cent. 


Diameter. 


Square 


in 
Inch. Mm. | Pounds Inch. 


SILICIUM- 
BronzE— 


.080 2 056 102.650 


a) 
( 


.059 = - 1.529 | 58.651 nil 


044 1133 | 32.310 nil 


036 0.936 22.698 nil 


08 2 072 1. 
O81 2.072 1! 


102.170 


‘OPPER— 
OSL 2.072 |106.100 


. 082 107.630 


2.088 
-OS47 2.1386 116 400 | 


081 072 105.310 | 


Weight in| 
Tons per | 


hence the silicium bronze is preferable 
for telegraphic purposes. Its efficiency 
is very great; in fact, phosphor bronze 
has disappeared for telegraph wire, and 
has been replaced by silicium bronze. 

The conductivity of silicium bronze 
can be made nearly equal to that of cop- 
per, but its mechanical strength is dimin- 
ished as its conductivity is increased. 
Wire whose conductivity equals 90 per 
cent. of pure copper, gives a tensile 
strength of 28 tons on the square inch ; 
but when its conductivity is 34 per cent. 
of pure copper, its strength is 50 tons on 
the square inch. Its lightness, combined 
with its mechanical strength, its high 
conductivity and its indestructibility, 
render it eminently adapted for tele- 
graphs. 

The table below gives the results of 
some tests made by the Post Office upon 
different specimens of bronze and copper 
submitted for trial. 

Long telegraphic lines, for which iron 
wire weighing 400 lbs. per mile is now 
used, can be made of copper or of bronze 
wire weighing 100 lbs. per mile, which 
would give higher electrical efficiency ; 
and over-house lines, for which steel wire 
is often used, can now be replaced effi- 
ciently by wire weighing only 30 lbs. per 


‘mile, which would be almost invisible. 


EXPERIMENTS ON DIFFERENT QUALITIES OF WIRE. 


Resistance in 

" Ohms at 60° F. 
Twists 

in 6 inches. 


Conduc- 
tivity. 
Copper=100.| 


Per Foot- 


Mile. p liad 


Per 


6359 
5.4870 

3330 

. 8900 

5009 

3490 | 0.30285 | 6: 
1.4400 | 0.25588 | 82: 
9.2400 0.26995 


8.4100 


0.22245 fo j 
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If such overhead wires were erected 
upon sightly supports, and with some 
method there would be an end to the 
meaningless crusade that is now made 
in some quarters against aerial lines. 
These, if constructed judiciously, and 
under proper control, are far more effi- 
cient than underground lines. Corpora- 
tions and local authorities should control 
the erection, rather than force adminis- 
trations to needless expense and to re- 
duced efficiency by putting them under- 
ground. Not only do light wires hold 
less snow and less wind, but they pro- 
duce less electrical disturbance; they 
can be rendered noiseless, and they allow 
existing supports to carry a much greater 
number of wires. Other bronzes have 
been tried, but without any evident ad- 
vantage, either in quality or in price. 

German Silver.—German silver is em- 
ployed generally for rheostats, resistance 
coils, and other parts of apparatus in 
which high resistance is required. It 
consists of : 


BNR 5c) .<nvaidaecnie eased 4 parts 
ME wrcinuscigeichueaCebeecea ks a» * 
0 rer ere : 


The variation in its resistance due to 
changes of temperature is small. Its co- 
efficient is 0.0004—copper being 0.0038 
—that is, about ten times less. Its re- 
sistance per meter gramme is 1.85 ohm, 


while copper is 0.144 ohm. The effect 
of age on German silver is very marked ; 
it becomes brittle. Mr. Willoughby- 
Smith has found a similar change with 
age, even in the case of wire drawn from 
jan alloy of gold and silver. 


Conclusion.—It is evident, from what 
_has been said, that the form and charac- 
iter of electrical conductors must vary 
| with the purposes for which they are in- 
|tended. For submarine cables and for 
|electric light mains, where mechanical 
| strength is not required, and where di- 
|mensions are of the utmost consequence, 
'the conductors must be constructed of 
the purest copper producible, for copper 
is the best practical material at our com- 

} mand. 
On the other hand, aerial lines must 
not only have great tensile strength, but 
in these days of high-speed apparatus 
they must have high conductivity, their 
dimensions must be such as to ensure 
low electrostatic capacity, they must ex- 
pose to wind and snow the least possible 
surface, and they must be practically in- 
destructible. Iron has hitherto occupied 
the field, but copper and alloys of copper 
seem in many instances destined to 
supplant that metal, and to fulfill all 
the conditions required in a more effi- 
cient way, and at no greater cost per 
mile. 











Iv solving trigonometrical problems 
the results will be more or less precise, 


depending upon the number of decimals | 
employed, when logarithmic tables are | 
used ; or upon the size of the drawing, | 


if the results are deduced graphically. 


It is frequently very convenient to ob- | 
tain approximate values of the quantities | 


desired by means of a roughly-drawn 
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from a diagram. In the three-point 
problem, much used for locating sound- 
ings and subordinate points of a triangu- 
lation, a good example is found of the 
convenience of the method. 

As illustrations, two simple problems 
of plane trigonometry will be taken. 

The principles involved are 


| Ast. Thesines of the angles of a plane 


diagram, and then to increase the pre-| triangle are proportionate to the opposite 


cision of the results to any desired ex- 
tent. This method is especially valuable 


| sides. 


2d. The change in the value of the log- 








where the direct process of computation arithm of the sine of any angle A fora 
is complicated, and where the approxi- | difference of 1” is equal to M sin 1” cot. 
mate values can be very readily obtained' A, where M is the modulus of the com- 
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mon system of logarithms; log. M sin Where the large letters denote the 
1''=1.32335, for units of the seventh | angles and the small letters the opposite 
nlace of decimals, or M sin 1’=0,- ‘sides. 
0000021 05. sin (B+C) | Example.—A=75°2A .09 ‘206. log. b=4.2965477 
3d. Cot. B+ecot C=-— log. c=4.4184219 
sin B.sin | From a rough diagram 
ProsLem.— Given two sides b and ¢,| C=62? 45°” 
and the included angle A of a plane tri-| once B=41 50 50.794 
angle, to find the remaining parts B, C | = : 
and a. A+B+C =180 00 00 


log. 6 sin A= 4. 2822976 4.28229 (ac) log. M sin 1’ =8.6766 
log. b=4. 2965477 log. sin B=9.82422 __ log.sin A=9.9857 





1 
log. sin A=9.9857499 approx. log. a=4.45807 8-Tanl SinA 


log. c=4 4184219 diff. between two values of log.@ 281 log. =4.4487 


log. RE Be so hs nies 000s6n cen eosndanedsenes 4.40417 log. sin B=9.8242 
log. _ sin C=9. 94891 log. sin C=9.9489 


approx. log. a=4.45526 818" =2.9127 


The first step is to compute precise | 


1 P 
values of log 4 sin A and log ec sin A, value of lo8--F in 1” ‘on A first com- 


then, using only five places at present, | puted, and then the value of the Ist 

dsin A esin A | correction 818” is obtained. Itis evi- 
the values of log. = 2° and log. sin GO’ | dent that in order to secure a closer 
agreement in the values of log. a, B must 
be increased by 818”, while C is dimin- 
ished by the same amount. Making 
| | these changes, and using now six places, 
By using four-place logarithms the | we have 


These two values of log. @ differ by | 
28100 in units of the seventh place of | 
decimals. 


log. } sin A=4.282297 

B=42° 04 '28''.794. .log. sin=9. ne 
approximate log. a=4.456 8.6909 
difference between logs. = 7 og. =1.8451 
_ log. ce sin A.=4.404171 log. sin B=9.8261 
C=62° 31' .log. sin=9. 948019 log. sin C=9.9480 
aaeiiaaia log. a=4.456152 2°.042 0.3101 

The second correction, 2.'042, must be subtracted from C and added to B. 

log. 6 sin A=4. 2822976 

B=42° 04' 30.836 log. sin=9.8261433 
approximate log. a=4.4561543 8.6909 
difference between logs. 9 log. =0.9542 
log. ¢ sin A=4 4041718 log. sin B=9.8261 
C=62° 31’ 19.958 log. sin =9 9480166 log. sin C=9.9480 


approximate log. a=4.4561552 0.263... .9.4192 


4.2822976 | can be expected, unless more than seven- 
B=42° 04’ 30.573 = 9.8261427 ‘place tables are employed. The process 
pages |of computation could be stopped at any 
log. a 4.4561540 ‘point . rhere the resulting me an of log. 

4.4041718 |a are thought to be sufficiently close. 
C=62° 31’ 20.221 9.9480168 | The operations described above are of 
4 4561550 ‘avery simple nature. In practice the 

550 7 " 

‘computer would make some more conve- 
An agreement now is found as close as | nient arrangement of figures than that 


log. @ 
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given. The time required for the com- 
putation will then be found to be less 
than by the ordinary methods. 

For most purposes the values of B, C 
and log. a, found at the end of the sec- 
ond trial, where only six places were 
used, would be precise enough. 

To illustrate the advantages of a more 
concise arrangement the computation is 
repeated below. Seven-place logarithms 
are here used after the first correction 
has been obtained, and only one more 
correction is then found to be necessary. 

B=41°50'50".794  42°04'28".794 307.545 

log. a=4.45807 4.456 1590 1549 

log. sin B=9.82422 9.826 1386 1427 

log. 4 sin A=4, 2822976 4.282 2976 2976 
log. b=4.2965477 

log. sin A=9. 9857499 

log. c=4.4184219 


log. c sin A=4.4041718 
log. sin C=9.94891 


log. a=4. 45526 
diff. bet. logs. a=28100 
C= 62° 45” 





24’ 09’”.206 


A=75 





4.404 1718 
9.948 0188 


4.456 1530 
60 


62° 31’ 22” 


1718 
0169 


1549 











20.249 





(ac)log.M sin 1” =8. 6766 
(ac) log. sin A=0.0143 
log. sin B=9.8242 

log. sin C=9.9489 

log. diff. 4.4487 


~ 818”=2.9127 


-6909 
8261 
9.9480 

. 7782 

0.2432—1”.751 
Tue Turee-Porst Prosiem. 

At a point P three stations J, ¢ and r 
are visible; / is the station farthest to 
the left, cis the center station, and 7 is 
the one farthest to the right, as seen 
from P. The angle Jer and the distances 
le and Ir are given. 

The angles /Pe=L and cPr=R are 
measured, and it is required to compute 
the remaining angles c/ P= and crP=y, 
and the sides Pc, P/ and Pr. 

The nomenclature adopted is that gen- 
erally used in locating buoys, ete., by the 
three-point problem, 


Let (1) 
(2) 


(3) 


then x. siny=sin a, 


P cr ain sin @ 
c= sin y= — 
sin R Y sin L 


el 


and 





After plotting J, ¢ and r, the point P 
can be graphically located by some of 
the usual methods, ¢.g., by laying down 
the angles L and R on tracing paper, and 
then placing this over the plotted posi- 
tions of 7, c andr so that the lines drawn 
pass through these points respectively. 
The position of P can then be pricked 
through the paper. 

Next measure c/P=2, approximately, 
and place y=ler—(L+R+2). Correc- 
tions can then be computed to these ap- 
proximate values until they are as precise 
as is desirable, then Pe can be readily 
obtained, and if necessary P/ and Pr. 


Ezample.— 
Given ler=111°10’54” 
L= 44°09'30" 
R= 49°47’20” 
Measured z= 9° 
whence y= 8°14'04” 
(a+y)= 17°14'04” 


log. cl=3.797531 
log. cr=3 . 862668 


The value of (#+y) will remain con- 
stant, as whatever correction is given to 
x will be applied to y with an opposite 
sign. 

From (1) first compute 7. thus, 

log. cr=3.862668 log. sin L=9 843011 
log. sin R=9.882906 log. cl=8 797531 


sinL 


log. =<. =8.979762 log. “6.045480 


="sin R 
whence log. n=0.025242. 


1st APPROXIMATION. 
log. n=0.025242 0 
y=8°14'04” log. sin=9.155016 ..... 9. 
“9.180258 
r—9° log. sin=9.194332 .....9.1943 
44074 log. =4.1484 


1st cor. 504”. .2.7026 


2049 
1550 





(ac) log. M. sin 1" 9.6766. .in units of the 
log. sin (@+y)=9.4717 6th place. 


Soeden oo : . | 
log- yr sin Taw 


1 

sin (2+ ¥) 
remains constant throughout the compu- 
tation, and is used for deducing the Ist, 
2d, &c., corrections to the assumed values 
of « and y. 





This value of log. Moan 1” 
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ciently precise, and from (3) we obtain 
2049 Pe directly. 
1633 

log 


2p APPROXIMATION. 
log. n=0. 025242 0. 
y=8‘ 2228” .log.sin=9. 163286 .....9. 
9.188528 
2=8°51'36” .log.sin=9.187579 .....9 


cr 
_ _9 g79769 
“sin R 6 ee 


1876 jog. sin y=9.162798 


log. sin z=9.188039 





sin L_¢ 045480 
el. 


log. 


949 log. =2.9773 





log. Pe—3.142560 ——ilog. Pe=3.142559 


2d correction=34.'1..... 1.5331 | 
If PJ and Pr are desired they can be 


computed from the formulae, 


__ el. sin Pel er. sin Per 
9.188040 | so sin L sin R. 
#=8°52'10".1.log.sin=9. 188039 = 9.1880, The results obtained are very well 
1 log. 0.0000 checked throughout. Tf care is taken in 
ba : = ---. computing m no subsequent error need 
d correction=0".04 8.5557 be feared, for the computation of Pc, as 
The values of y and x are now suffi-| made above, will check the work. 


3p APPROXIMATION. 
log. n=0.025242 2049 


y=8°21'53"".9 .log.sin=9 . 162798 9.1628 | PI 


Pr= 





EXPERIMENTS ON THE EFFICIENCY OF INCANDESCENT 
ELECTRIC LAMPS. 


By HORACE B. GALE. 


Contributed to VAN NosTRAND’s ENGINEERING MAGAZINE. 
I. 


TuEsE experiments were made by the | company had no part in the experiments, 
writer in April and May, 1883, when a/and no knowledge of the results, except 
student in Mechanical Engineering at; what was gained afterwards by inspec- 
the Massachusetts Institute of Tech-: tion of the diagrams presented herewith. 
nology, and furnished the material for ai The forms of lamp tested were the 
thesis, from which what follows is se-| Maxim, the Edison. and the Bernstein. 
lected for publication. | Measurements of the Swan lamp, which 

The object of the tests was to ascer- j it was intended also to include, had to be 
tain the efficiency of each of the prin- omitted on account of the limited time 
cipal forms of incandescent lamps when ! Which could be spared for the work. 
run at various candle powers. The efti- ! Before describing the experiments, a 
ciency, as the term is here employed, is } few words may be devoted to the 
measured by the number of candle lights | 


produced per horse power of electrical as Sa 


energy expended in the lamps them- 
selves. 

As much of the work as possible, in- 
cluding the calibration of the instru- 
ments used, was done in the laboratories 
of the Institute. The other experiments 
were made at one of the lighting stations 
of the New England Western Electric 
Light Company in Boston, as the neces- 
sary dynamo power could be more 
readily obtained there than elsewhere. 
It should be stated, however, that this 





which govern the efficiency of an incan- 
descent lamp: Each of the lamps men- 
tioned consists essentiagly of a filament 
of carbon inclosed in a glass globe, from 
which the air has been exhausted; the 
ends of the filament being joined to two 
platinum wires, which pass through, and 
are sealed into the glass. These wires 
form the connections by means of which 
a current of electricity is sent through 
the carbon. The energy which must be 
expended to force the electricity through 
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| | 








the yr scan | substance of - en 7 | Current | Incre- Incre- 
transformed into heat, which shows itself | strength ¢,, | ments of | ments of 
by raising the carbon to incandescence. | 1” am- Candle power.| current | candle 
The heat escapes from the carbon fila-|_P°_ stzengib. | power. 
ment in three ways: first, a little is} 9, 0. 
conducted away by the connecting wires; 0.5 0. 0.5 0 
second, a still smaller amount, probably,) 1.0 (very dullred). 0.5 0. 
is transferred to the glass by the rarefied ar 17:0 ~¢ 8.5 
. . wa . mw. ‘. v0 13.5 
gas left in the globe; third, the remain-| 95 535.0 | O05 38.0 
der,which represents practically the whole| 3.0 120.0 | 0.5 | 65.0 


energy expended in the lamp, escapes) 





from the carbon by radiation. This 
radiation consists partly of invisible heat, 
and partly of light; and it is clear that 
the most efficient lamp is the one in 
which the largest part of the radiant 
energy is in the desirable form of light. 
In other words, the efficiency of an 
incandescent lamp depends solely upon 
the proportion between the quantity of 
energy which is given off as light, and 

that which is wasted as invisible heat. 
Now the ratio between the quantity of 
light radiated and the quantity of 
heat radiated by any solid body, depends 
upon its temperature. The shape or 
“ structure of a body, or the extent of its 
surface, though influencing the total 
amount of radiation, cannot affect the 

proportion of the light and the heat. 
r By adjusting the strength of the cur- 
rent passing through the carbon of an 
incandescent lamp, we may heat it as hot 
as we please. We may raise it to a 
moderately high temperature without 
getting any light at all, all the energy ex- 
pended being wasted in the form of heat ; 
























ing through the filament, and we can 
bring it to a dull red ; again augment the | 
current, and it glows with a feeble yellow | 
light; and now, if the current is made a| 
little stronger, without adding much to 
the amount of jAeat radiated, the intens- 
ity of the light becomes enormously 


















based on a series of measurements made 
upon a Maxim “ B lamp,” designed to give 
about nine candle power. 

The efficiency of a lamp, that is, the 








higher the degree of incandescence to 
which the carbon is brought, it follows 
that by varying the candle power of any 
incandescent lamp, we may, within cer- 












increase the quantity of electricity pass- | 


increased. The way in which the candle 
\. power rises, as the current strength is aug- | 
mented, may be seen in the following table, | 


return we get in light fora given amount | 
of electrical energy, being greater the} 


tain limits, make its efficiency as high, or 
|as low, as we choose. On the other hand, 
ithe hotter the carbon is heated, the 
| sooner it is disintegrated and destroyed. 
| A gradual transfer of particles of carbon 
‘takes place from the filament to the 
inner surface of the glass globe; the 
|latter becomes darkened, the resistance 
of the carbon is raised, and finally the 
filament breaks at its weakest point. 

It is worth noting in this connection, 
that in the experiment referred to above, 
‘the Maxim lamp was run for about fifteen 
minutes at more than ten times its nor- 
|mal candle power without apparent in- 
jury, a fact which speaks well for the 

endurance of this form of lamp. 

| While the efficiency of an incandescent 
‘lamp is thus a matter of temperature, 
chiefly, being greater the higher the 
temperature, its durability depends both 
upon the temperature and upon the form, 
structure, and density of the carbon, as 
well as upon the perfection of the vacuum 
obtained in the globe. The relative eco- 
nomical importance of the efficiency 


‘and the durability of a lamp will vary, of 


course, in different circumstances, ac- 
cording as the cost of the power, or the 
| cost of renewing the lamp, is the greater ; 
| and if we can discover the law connecting 
| the efficiency, length of life, and candle 
power of a given form of lamp, we can 
determine, for each special case, at what 
candle power the lamps should be run in 
order to obtain the greatest economy. 


DESCRIPTION OF LAMPS. 


The peculiarities of the various types 
of incandescent lamps depend mainly 
upon differences in the carbon filament. 

The carbon of the Maxim lamp is made 
from paper, cut with a die to a shape 
somewhat like a letter M with its angles 
rounded. After carbonization, the fila- 
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ment is placed in a rarefied atmosphere 
of hydro-carbon vapor, and heated by 
the current. The vapor is decomposed, 
and its carbon is precipitated upon the 
filament in such a way as to obliterate all 
inequalities in it. 

Three styles of Maxim lamp were used 
in these experiments, rated respectively 
as 12, 24, and 16 candle power. They 
were obtained at the Stanhope Street 
electric light station in Boston, and were 
taken at random by the writer from a 
large stock on hand at that place. 

The carbon of the Edison lamp is a 
long, fine filament, made from Japanese 
bamboo wood, cut to the requisite size in 
a gauge, and bent into the shape of a U. 
Three varieties of Edison lamps were 
experimented upon, rated as 8, 10, and 16 
candle power. These lamps were sent 
from the factory of the Edison Company 
at Newark. 

The Bernstein lamps used in these 
tests were peculiar in many respects, 
perhaps the most striking peculiarity 
being their very low resistance. The 
carbon consisted of a straight hollow 
tube, about an inch and a quarter long, 
of the size of a straw, and terminated by 
two knobs or bulbs of carbon about a 
quarter of an inch in diameter, into 
which the ends of the connecting wires 
entered. These lamps were obtained by 
the writer from the factory in Boston. 
They were rated at 30 candle power. As 
they had scarcely passed their experi- 
mental stage, and have since been im- 
proved, the results obtained from them 
are not presented here as fully as are 
those obtained from the Edison and 
Maxim lamps. 


RESISTANCE COLD, 


The following table shows the resist- 
ance of the various lamps when cold. 
The numbers here given were marked 
on the bases of the individual lamps to 


indentify them. The resistances were 
measured with a large new Wheatstone’s 
bridge made by Williams of Boston, 
which was used as a standard of resist- 
ances throughout the work. Before using 
it, the coils were tested by comparison 
with those in the Physical Laboratory at 
Harvard College. The galvanometer 


used in the bridge was a Thomson double | 
coil reflecting instrument ef 5,000 ohms 


resistance, made by Elliott Brothers, 





‘opening in front. 
|disk could be rolled on wheels along a 
| horizontal track, and a pointer projecting 


London. It was mounted on a pier of 
masonry, and furnished with a compen- 
sating magnet and shunt coils, so that it 
could be made as sensitive as desired. 


RESISTANCE OF Eprson LAmps, CoLp. 
(Temperature of room, 68°). 





16 candle 
lamps. 


10 candle 


lamps. 8 candle lamps. 





Ohms. Ohms. 

No. 16, 125.0 | No. 11, 300.0 
17, 111.0 ** 12, 300.0 

18, 114.0 “* 18, 291.0 
19, 107.0 ** 14, 268.0 
20, 108.5 “© 15, 297.5 


Obms. 
No. 21, 380.0 
’ O21 * 
eo 23, | se 
‘* 24, 384.0)| * 
‘* 25, 396.8; ‘ 





Average,384.58 Average,113.10 Average,291.30 


RESISTANCE OF Maxim Lamps, Cop. 


24 candle (A) 
lamps. 


16 candle 
lamps. 


B-lamps. 
(‘‘half-lamps.’’) 





Ohms. Ohms. Ohms. 

No. 1, 75 0 No. 30, 34.0 No. 41, 148.3 
ni , 74.6 “ 2, 2.3 “* 42, 149.2 
8.74.4 | * $2, 34.7 ** 43, 148.3 
7.0 | ** 88,35.0/ ‘* 44, 150.0 

, 75.4 | “* 384, 34.3 ‘45, 158.4 





Average, 75.08 Average, 34.04 Average, 149.84 


RESISTANCE OF BERNSTEIN LAMPs, COLD. 
30 candle lamps. 


THE PHOTOMETER. 


The measurements of candle power 


/were made upon a photometer of the 
ordinary Bunsen type, having a bar 100 


inches long. The disk was inclosed in a 


box about a foot long, having an opening 
in each end to admit light, and two mir- 
‘rors so arranged that both sides of the 


disk could be viewed at once from an 
The box carrying the 


downward opposite the disk indicated on 
a graduated scale the ratio of the intens- 
ities of the two lights at the two ends 
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of the bar. The whole was placed in a|then turned about its vertical axis 
dark room, the interior of the room, and through ten degrees, or less, at a time, 
also the apparatus itself, being painted a|as indicated on a graduated circle, and 
dull black. ‘the intensity of the light given off at each 
‘angle was compared with that of the 

ILLUMINATION AT DIFFERENT ANGLES. =| other lamp, which remained fixed, and 

On account of the shape of the carbon | served as a standard. 

filament, incandescent lamps generally; The principal advantage of this meth- 
give more light in certain directions than | od is, that if any accidental variation in 
in others; and it is important to know the current should cause the candle 
exactly what the variation is, so that we power of the lamp tested to vary slightly 


—— 20. 


; iii 
< ae. . 
=: ‘5-0 PLANE OF CARBON FILAMENT 
7 —10—_ = i, Oe 
ee _207- ~~ ae 
| tte 4 / 

4 


£$ CANDLE LAME 


CURVES OF EQUAL ILLUMINATION.(IN HORIZONTAL PLANE.) 


may calculate, from a single measurement | from its normal value, the brightness of 
of the intensity of the light in a given the standard lamp will vary in the same 
direction, what is the true average candle way, so that the ratio of the candle 


power of the lamp. This point was ac- 
cordingly investigated for each one of 
the lamps. The method used was to 
place two lamps of the same kind, con- 
nected either in series or in multiple are, 
at opposite ends of the photometer bar, 
and send a current from the same source 
through both. One of the lamps was 


powers will not be affected. It was found 
that in this way these experiments could 
be carried on equally well with a current 
of variable intensity as with a steady 
current. In all the tests here described, 
however, the current was kept perfectly 
steady, by a method which will be de- 
scribed further on. 
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The values of the illumination of each 
lamp at the different angles were laid 
off graphically from a center, and a 


curve drawn through the points thus) 


found. The area of each curve was 
then measured with a planimeter, and 
the ratio of the true candle power to the 
candle power as measured on the face of 
the carbon loop (7. e., perpendicularly to 
its plane) was computed for each lamp. 


Penal 


\ 


The average results for each class of 
lamps were also plotted in the same way. 
The forms of the curves obtained, for 
the Maxim and Edison lamps, are shown 
by diagrams No. 1 and No. 6. 

The photometric measurements were 
made only in a horizontal plane, because 
that is the usual method of measuring 
candle power, though perhaps a fairer 
comparison of the different lamps would 
be arrived at by taking the average 
spherical illumination. 

Referring to diagram No 1, the outer 
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curve represents the illumination of the 
old style, or 24 candle-power, Maxim 
lamp; and the inner curve that of the 
Maxim lamp as improved by Mr. Weston, 
which is the style at present made by 
the United States Electric Lighting 
Company, and rated at 16 average candle 
power. The curves are drawn so that if 
one imagines the lamp placed in the 
center, the plane of the carbon filament 


-r- AVERAGE-~_ 


| 


} 








| 


@URVES OF EQUAL ILLUMINATION.(IN HORIZONTAL PLANE.) 


being represented by the line 0-0, all 
points on the curve will be equally il- 
luminated. The carbon of the Maxim 
lamp, being made from paper, is several 


'times as broad as it is thick; hence we 


see that the illumination opposite the 
face, or flat, of the carbon is considerably 
greater than that on the edge. The 
variation in brilliancy, as we go from the 
edge (marked 0) round to the face, is 
extremely regular for the Maxim lamps, 
the curves of the individual lamps being 
almost identical. 
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Diagram No. 6 shows the same thing 
for the Edison lamps. Here the carbon 
filament has its greatest breadth in 
the direction perpendicular to the 


plane of the loop, so that the illumina- | 
tion is feeblest on the face, and increases | 


as we go toward the edge. Just in the 
plane of the loop, however, there is a 
sudden falling off in the intensity of the 
light ; because when the two arms of the 
U are exactly in line, one cuts off the 
light of the other. Though these curves, 
each showing the average of five lamps, 
are tolerably regular, the curves for the 
indvidual Edison lamps are quite irregu- 
lar, owing to the carbon being more or 
less twisted. 

The illumination of the Swan lamp, 
one of which was tested at this time, 
was found to be the most uniform, being 
practically the same in all directions. It 
is claimed, however, that a uniform il- 
lumination is not always an advantage, as 
it is often desirable to be able to throw 
more light in certain directions than in 
others. 

In each of the diagrams a circle is 
drawn, whose area is equal to the area of 
the irregular figure bounded by the 
curve of equal illumination, and the in- 
tersection of the circle with that curve 
gives us the angle at which we should 
measure the light of the lamp in order to 
get its true average candle power. A 
better way, however, and that here 
adopted, is to measure the candle power 
of each lamp on the face, and compute 
its average candle power by referring to 
the curve for that individual lamp. 


SOURCE OF CURRENT. 


For experimenting upon incandescent 
lamps, it is desirable to be able to main- 
tain, for any length of time, a perfectly 
uniform and steady current of electricity. 
The available sources of current were in 
this case a Weston fifteen are light dy- 
namo machine, having the field in de- 
rived circuit, and a Kabath secondary 
battery of seventy-two cells. The cur- 
rent of the dynamo machine, though 
tolerably steady, was not perfectly so, on 
account of slight variations in the speed ; 
and that from the storage batteries, 
though not subject to fluctuations, would 
nevertheless run down gradually as the 


cells became discharged. By using the, 


| however, it was found possible to main. 
tain a current of a perfectly uniform in- 
tensity for any desired time. The bat- 
teries were connected in series, so that 
any number of them might be placed in 
the circuit of the dynamo machine, in 
derivation with the loop supplying the 
lamps. The current passing through the 
lamps could be regulated by means of 
an adjustable resistance, or by varying 
the number of cells of the battery in cir- 
cuit; and a variable resistance was also 
interposed in the field cireuit of the dy- 
namo, so that its electromotive force 
could be adjusted to just balance that of 
the battery. The dynamo thus supplied 
the current to the lamps without exhaust- 
ing the battery, which merely served to 
keep the electromotive force on the 
lamps constant, and absorb any fluctua- 
tions that might exist in the current of 
the dynamo. When the lamps were 
turned off, the dynamo merely supplied 
the loss due to leakage and local action 
in the cells. This arrangement of bal- 
anced electromotive forces is, of course, 
not possible with a dynamo having thie 
field coils in direct circuit. 


THE MEASUREMENTS OF CURRENT 


were made by means of one of Ayrton 
and Perry's ammeters, which was care- 
fully calibrated at intervals during the 
progress of the tests by comparison with 
a tangent galvanometer. The constant 
of this galvanometer was computed from 
the number and diameter of the coils, 
and the value of the horizontal compo- 
nent of the earth’s magnetism as deter- 
mined at Cambridge, and was also ascer- 
tained directly by the electrolysis of a 
solution of pure sulphate of copper. The 
results of the two methods were found 
to differ by less than one per cent. 


DETERMINATION OF GALVANOMETER CON- 
STANT. 


In the determination by the deposition 
of copper, three large Daniell’s cells, 
whose joint resistance in parallel circuit 
was about .08 of an olim, were used as a 
source of current; the circuit was com- 
pleted through the galvanometer, a re- 
sistance box, and a depositing cell with 
a copper anode and a platinum cathode, 
the liquid being a saturated solution of 
chemically pure sulphate of copper. ‘The 


machine and the battery in combination, | resistance was first adjusted to obtain a 
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deflection of the galvanometer needle of 
alittle more than 30°. The platinum 
cathode was then removed from the cell, 
washed with distilled water and alcohol, 
dried, and weighed. The circuit was 
again closed by lowering the cathode into 
the solution, and the deflection of the 
galvanometer was kept constant for about 
an hour and a half, when the circuit was 
broken by taking out the cathode, which 
was washed, dried, and weighed, as be- 
fore. The data for calculating the gal- 
yanometer gonstant were as follows : 
Increase'in weight of the cathode .0.22208 gram. 
Time during which the current 

passed , .. 0095. seconds. 
Deflection of galvanometer .... .34.675 degrees 
Tangent of deflection 0.6918. 

Assuming that one ampere of current 
deposits .00033 gram of copper per sec- 
ond, as given by Prof. S. P. Thompson 


in his “ Electricity and Magnetism,” we | 


have, 
0.22208 


C= 505. ~* 00033 2-182 ampere. 


Hence the galvanometer constant 


_ 0.132 _ 0.19 
~ 6918 

The galvanometer had 36 coils, whose 
mean diameter was 52 centimeters. Com- 
puting from these data the value of the 
horizontal component of the earth’s mag- 
netism, we obtain H=0.165. The value 
of H, as determined at Cambridge in 
1882, was 0.164. 

CALIBRATION OF AMMETER. 

To calibrate the ammeter, it was put in 
cireuit with the Daniell’s battery, a re- 
sistance box, and the galvanometer, the 
ewrent being divided between the latter 
and a shunt of No. 12 copper wire. The 
multiplying power of this shunt was 
13.29. By adjusting the resistance the 
reading of the ammeter was varied by 
one degree at a time from 0° to 22°, de- 
flections being taken both to the right 
and left, and simultaneous readings 
made of the galvanometer. The deflec 
tion of the ammeter was found to be 
proportional to the current, as far as the 
test could be carried, affer making cor- 
rection for a permanent displacement of 
the zero point of 0.14°, which was al- 
lowed for in all the subsequent work. 
The ammeter was again calibrated near 
the middle, and again at the close of the 
experiments, the results agreeing with 


the first calibration; thus showing that 
the strength of the permanent magnet 
had not altered perceptibly while the 
work was in progress. 


SECOND SERIES OF TESTS. 


The object of the next series of observ- 
ations was to obtain the data from 
which curves could be constructed for 
each lamp, showing the variation in 
candle-power and current strength as 
the electromotive force is increased. The 
method consisted in varying the candle 
power of each lamp by a succession of 
steps, from zero to as high a point as 
it could safely be carried, and taking 
simultaneous measurements of the elec- 
tromotive force, current, and candle power 
at every point. 


DETERMINATION OF ELECTROMOTIVE FORCE. 


The current passing through the lamp 
could be ascertained directly by means of 
the ammeter; but the resistance of the 
lamp when hot being unknown, to find 
the electromotive force it was necessary 
to place the lamp in derivation with a 
coil of wire of known resistance, and 
measure at the same time the current 
passing through this coil. The electro- 
motive force was then found by multi- 
plying together the values of the current 
and resistance. 


a 


| Pye BY TeLE@rarn.—The difference 
of longitude between Buenos Ayres and 
Valparaiso has been determined by telegraph 
by M. Beuf, Director of the Naval School of 
the Argentine Republic ; so also has the differ- 
ence between Valparaiso and Panama, between 
Valparaiso, Callao and Lima, between Santiago 
and Valparaiso, and between Santiago and Cer- 
ro-Negro. Various French naval officers have 
undertaken these last determinations. <A full 
account of the operations, by means of the va- 
rious submarine cables and telegraph wires 
connecting these places, has been communi- 
cated to the French Academy of Science by M. 
de Bernardieres, Naval Lieutenant, who, in 
conjunction with M. Beuf, made the Buenos 
Ayres to Valparaiso, that is to say, the main 
Transcontinental determination. The result 
shows that the difference of longitude between 
the flagstaff of the Bourse of Valparaiso and 
the Cupola of the Custom House at Buenos 
Ayres is 63 min. 4.230 sec. The longitude of 
the flagstaff of Valparaiso Bourse is 4 h. 55 
min. 45.11 sec. The latitude of the same spot 
is given as 33 h. 2 min. 10.1 sec. The latitude 
of Buenos Ayres (tie cupola of the Custom 
House) is given as 34‘h. 36 min. 27.7 sec. The 
Americans previously measured it by Talcott’s 
method, and found it 34 h. 36 min. 29.8 sec. 
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Tue object of this paper is to notice 
briefly the features in recent experiments 
which bring out the characteristic behav- 
ior of the principal kinds of armor 
under the impact of shot, and then to 
point out the necessity for recognizing 
that the mechanical conditions of one case 
may be so entirely different from those 
of another as to call for different qualities 
in the shot, and a totally different system 
of calculating effects. The importance of 
this question will be apparent if it is 


borne in mind that there are four princi- | 
pal kinds of armor employed by Euro-| 


pean powers. The natural tendency is 
for us to test our own shot and armor 
against one another. The important 
matter, Lowever, is to know the behavior 
of our shot against the particular kind of 
armor that our enemy may have, not 
against our own. It appears, perhaps, 
like killing two birds with one stone if 
we prove our shot against our own armor. 
The advantage of such an achievement, 
however, is lost if one bird is a wrong 
one, and this may in a certain measure 
be the case if we continually follow the 
above course in the face of the adoption 
of the armor by foreign powers differing 
widely from our own in its nature. The 
four kinds of armor to which I refer are 
as follows :— 


1. Wrought iron. 

2. Wrought iron with a steel face 
(termed compound armor). 

3. Solid steel; and, 

4. Chilled cast iron. 


I will first specify, as far as I am able, 
the characteristic behavior of each under 
impact, in order that, when I come to 
them, you may see how far the experi- 
ments I[ notice bear out what is said; and 
I would observe that these experiments 
are simply the most important recent 
ones, and cannot be said to be specially 
selected. 

1. Wrought iron yields locally; it is 
punched or perforated, a clean hole being 


By CAPTAIN ORDE BROWNE, R. A. 


From “ Iron.” 


THE BEHAVIOR OF ARMOR OF DIFFERENT KINDS UNDER 


RE. 


made init. The rest of the target hardly 
suffers appreciably, except close to the 
point of impact. The entire shield, in- 
cluding bolts, is generally capable of 
resisting any subsequent bloy as stoutly 
as it resisted the first one. Effect here 
must be obviously produced by the bare 
| power of perforation of each round taken 
singly. Partial perforation is practically 
useless, however often it may be repeated. 
' The shot experiences but little resistance 
as its point enters, and hence it is well 
enclosed and supported round its head 
before the full strain comes on it. Hard- 
ness and rigidity of metal in the projectile 
here tell to the greatest extent, and ten- 
_acity to the least. Need I add that these 
conditions have favored the use of Pal- 
liser’s chilled iron shot with sharp points? 
The plate yields at the back opposite to 
the point of impact by tearing in a cross 
or star line, letting the point of the shot 
through the center. 

2. Steel-faced wrought iron (Cammell’s, 
made on Wilson’s patent; or Brown's, on 
Ellis’s patent).—Here the steel face which 

constitutes about one-third of the thick- 
‘ness of the plate, is a harder class of steel 
than is generally supposed,* and resists 
‘the point of the shot abruptly, and se- 
'verly tries the tenacity of its metal. It 
‘is seldom, indeed, that a projectile holds 
| together under these conditions; there is 
/a mechanical force acting something like 
the outward thrust on the sides of an 
arch, and the shot sets up, or more com- 
| monly breaks to pieces, leaving but little 
‘metal lodged in the plate. The plate 
yields mainly by cracking in radiating 
lines from the point of impact. In plates 
‘badly backed the plate bends slightly 
'back, and very rigid shot occasionally 
get their points through; but when 
'well backed, the entire plate must 
‘be broken in pieces and displaced 
|before a shot gets past it in any 





| * At Spezia in 1882 the steel faces of Brown's and 
| Cammell’s plates contained respectively 0.65 and 07 
| per cent., and Schneider’s solid steel plate about 0.45 
| per cent. of carbon. 
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sense. In addition to the radial cranks, 
concentric ones are apt to be developed, 
sometimes, I think, owing to the tendency 
of the plate to give back about the point 
of impact.* Obviously, here tenacity in 
the shot is called for in a much greater 
degree than with wrought iron. 

3. Solid steel, as made by Schneider 
and used in many foreign ships, though 
rather less hard than the steel face of 
compound plates, is as a mass more rigid. 
It admits the points of the shot at first 
with rather less resistance, but it does 
not yield at the point of impact even 
when badly backed, and is, therefore, less 
dependent on backing than compound 
armor. As the shot enters, it wedges 
and heaps up the metal round it, the 
plate coming forward and swelling at the 
point of impact and yielding by radiating 
cracks. I have never known of a concen- 
tric crack being made in steel armor, nor 
of the point of the shot getting through 
until the plate was stripped off. Any 
cracks made are, I think, much more cer- 
tain to extend through the metal than in 
the case of compound plates where face- 
cracks may be formed, leaving the iron 
foundation-plate intact. 

4. Chilled iron made by Gruson, and 
used almost universally in foreign coast- 
armored defences, is very rigid, indeed. 
‘the shot never, I believe, gets its point 
even a single inch into the metal. The 
shield transmits the shock through its 
mass, and must be broken up bodily. 
Chilled iron is used in large masses, and 
is best suited to resist single blows, 
especially in an oblique direction. Un- 
der the direct blows of heavy shot of high 
tenacity chilled iron breaks up. Cracks 
radiating from the point of impact are 
formed, and the whole shield breaks 
across. The primary requirement in the 
shot appears to be tenacity, to enable it 
to deliver its work on the point of impact 
before it breaks up, which it does, leav- 


* Major O'Callaghan, R.A., Shoeburyness, has con- 
tributed a paper to the R.A. Institution, containing a 
most interesting investigation as to the behavior of 
steel in steel-faced plates round the point of impact, 
with his own explanation, and that of Colonel Inglis, 
of the phenomena exhibited. The original paper 
should be read by any one who is interested in the 
matter. Briefly, it may be said that the steel is driven 
outwards in directions normal to the head of the shot, 
setting up and buckling as it goes ; while the wrought 
iron yields beneath it, the effect being to produce the 
separation of the frustrum of a cone of steel from off 
the face of the target of irregular curved form, with 
crater-like depressions. It appeared to me that at 
Spezia the comparatively soft Gregorini shot-points 
were moulded into a form originated by this action. 


Vot. XXXIL—No. 1—5 


ing little or no metal lodged in the 
shield. 

The first experiments to notice are two 
carried out by Krupp at Meppen, in 
March, 1832. The targets were examples 
|of remarkably successful perforation of 
'wrought iron by steel projectiles. In 
one case a 5.9-inch projectile, striking 
directly, passed easily through two 7-inch 
iron plates with 10 inches of wood be- 
| tween, and in the other, striking oblique- 
ily at 55°, a similar projectile perforated 
7.9 inches of iron, with 9.84 inches of 
wood and 0.98 inches of iron skin. In 
the first experiment, which was repeated, 
both projectiles passsed uninjured up 
the range. In the second, which was 
also repeated, both the projectiles broke 
up. I call your attention to the local 
character of the injury effected on the 
wrought iron, and the completeness of 
the perforation, especially when the shot 
strikes directly. 

Next come the Spezia trials of No- 

vember, 1882, where steel-faced plates 19 
inches thick, supplied by Cammell and 
Brown, competed with 19-inch solid 
steel supplied by Schneider. Each plate 
first received a blow from a chilled Greg- 
orini iron projectile weighing 2,000 lbs., 
‘fired from a 100-ton gun with sufficient 
velocity to perforate a wrought-iron 
plate of 19 inches, that is, about 1,225 
feet per second ; secondly, a blow from 
a similar projectile was delivered on each 
plate, with a velocity of about 1,560 feet, 
capable of perforating about 25 inches of 
wrought iron. The steel-faced plates be- 
came wholly or nearly detached, and fell 
from the backing on the second blow. 
The steel remained up, and received two 
more blows from steel projectiles. 

At the same time was commenced a 
very similar trial at Ochta, near St. 
Petersburg, where 12-inch Cammell steel- 
‘faced and Schneider steel plates were at- 
tacked by an 11-inch gun, firing chilled- 
iron projectiles with the necessary veloc- 
ity to perforate 16.3 inches of iron in 
the first round, and subsequently the 
necessary velocity to perforate about 12 
inches. 

It may be seen that at Spezia the 
French steel plate stood best, but at Ochta 
the advantage was still more decidedly in 
favor of the compound plates Schneid- 
er's Spezzia plate was tempered, and was 

|held up by twenty bolts, while Cammell 
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and Brown’s had only six bolts each. 


These makers object to the tempering of 
the steel, urging that their plates were 
samples of their supply to the Italia, for 
which plates could not be tempered, be- 


cause the plates are curved. This placed | 


the steel-faced plates at a disadvantage, 
and the Italian officers consider that the 
yielding character of the backing told 
against the steel-faced plates, which 
would be much more rigidly supported 
on the ship’s sine. The fall of the frag- 
ments makes the difference between the 
English and French plates appear greater 
than it was. There the tendency of the 
steel-faced plates was to give backwards, 
and the steel to swell at the point of 
impact. In the steel-faced plates the 
fracture is concentric as well as radial. 
On August 22, 1883, was commenced 
a remarkable experiment at Shoebury- 
ness on the resisting power of plates of 
iron and steel-faced plates fastened on 
granite. The iron consisted of two 8- 
inch plates, with 5 inches of wvod be- 
tween, and the steel-faced plate was 12 
inches thick. The 80-ton gun was fired 
at these with a projectile of chilled iron 
weighing 1,700 Ibs., with 'a velocity of 


nearly 1,600 feet, capable of perforating 


24 inches of wrought iron. The shot 
cut a clean hole through the iron, break- 
ing up, but penetrating nearly 10 feet 
into the granite. Against the steel-faced 
(Cammell’s) plate it broke up, the head 


lodging in the plate, cracking and bend- | 
ing, but not breaking or detaching the | 


plate. This last result is an extraordi. 
nary one, the plate, when thus well-sup- 


ported, having borne a blow capable of | 


perforating 24 inches of iron, and contain- 
ing about 30,000 foot-tons energy, showing 
what steel-faced iron is capable of endur- 
ing under these conditions. There is 
hardly a case of eccentric cracking. In 
the case of the wrought iron there is the 
usual clean perforation. 

Three other experiments on perfora- 
tion deserve notice. Captain Palliser, 
with a shot whose calculated perforation 
is about 7.7 inches, completely perforated 
a wrought-iron plate 8.73 inches thick 
on April 5, 1883, with a special pointed 
steel-jacketed shot of reduced diameter ; 
and what, perhaps, deserves more notie¢e, 
on June 6, 1882, he perforated complete- 
ly a 4-inch steel-faced plate with a 13- 


pounder shot of his special pattern, with | 


| probably. 


a striking velocity of 1,550 feet, and 
a calculated perforation of 4.6 inches of 
wrought-iron. He also perforated a 6- 
inch steel-faced plate with an 80-pounder 
shot. 

In August last, Sir Joseph Whitworth, 
with a 9-inch gun, 29 calibres long, drove 
a forged steel shell, weighing 403 lbs., 
through an 18-inch wrought-iron plate, 
with a striking velocity of about 1,900 
feet. The projectile had a good deal of 
work left in it, smashing up a very heavy 
cast-iron supporting plate, and passing 
through an oak backing and steel skin 
and many feet of wet sand. The pro- 
jectile is a most remarkable one. In all 
these last experiments the work is strictly 
local, especially deserving notice on this 
account in the case of the steel-faced 
4-inch plate. - 

Finally, I would mention an experi- 
ment of a totally different character, 
namely, one conducted at Buckau, Mag- 
deburg, by Gruson, on October 22, 1883, 


‘when a chilled-iron shield with a maxi- 


mum thickness of 43 inches, weighing 
474 tons, was attacked by a 12-inch 
Krupp gun (30.5 c.m.), firing a steel pro- 
jectile weighing about 980 lIbs., with a 
striking velocity of about 1,460 feet, and 
having an energy, therefore of about 
14,500 foot-tons. After three rounds the 
shield was cracked or broken across in 
more than one direction, and a fourth 
shot began the actual displacement of the 
fragments. There was nothing here of 
the nature of penetration, the surface 
only at the points of impact being 
chipped off. Considering the destruction 
as effected by the shock on the mass of 
metal it may be ina sense measured by 
the energy per ton of shield; this 
amounts to 916 foot-tons in the whole 
three blows. 

The steel-faced plate on granite at 
Shoeburyness weighed about 104 tons, 
It received a blow of a 
shot with 30,000 foot-tons energy, or 
about 2,857 tons per ton of metal. We 
must not, of course, compare this with 
Gruson’s shield, because, being backed 
with granite, the plate only represents a 
portion of the shield, but itis easy to see 
that it held together under a vast blow. 
The work on the Gruson shield was 
delivered in three blows and distrib- 
uted. The Gruson shield was broken 
up; our Shoeburyness one was not, but 
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there would have been a better chance of 
completely dividing it if a steel shot had 
been employed. This would have held 
better together, and perhaps set up, fol- 
lowing the opening parts of the plate, 
instead of a rigid chilled iron shot shiv- 
ering directly it began to lose its form. 
My object, however is not so much to 
make a comparison of the total resisting 
power of the different classes of armor 
as to indicate the shape in which the 
work has to be done, and the consequent 
mechanical bearings of the question. I 


think it will be clear to all present that | 


in the case of wrought iron we have 


simply to deal with perforation. In the | 
‘seldom be the same as that of some 


first days of the Plate Committee Sir 
William Fairbairn suggested an equation 
for the caleulation of this work, which 
with slight modification, answers very well 
to the present day. Indeed it happens 
to require less empirical correction with 
the present guns firing long projectiles 
at high velocities than those employed 
in early days. This equation is simply, 
We’ 


29 
where W equals the weight of shot, D 
the diameter of shot or hole made, v the 
striking velocity of the force of gravity, 
t the thickness of plate perforated, and k 
a constant to be determined practically. 
The equation consists in putting the total 
energy or stored-up work in the shot at 
the moment of impact equal to the work 
performed on the plate. The left-hand 
side is absolutely true, and the right- 
hand side can be shown to be correct in 
a measure; the only term that is empiri- 
eal to the full extent is ¢’ ; but under the 


zDt‘h, 


most important conditions it happens to! 


be most nearly correct. The formula 
does not apply to cases of partial pene- 
tration; but as partial penetration is 
useless, it really gives us all we need for 
wrought iron. 

To pass on to.other cases, we may now 
and then, in compound plates, get actual 
perforation, or we may get an instance 
when a steel shot sets up and drives a 
dise out of a compound plate, which ac- 
tion may partake of the nature of per- 
foration. With most compound plates, 
and all solid steel, however, you will ob- 
serve that the plates are destroyed by 
fracture, the shot's point penetrating to 
an insignificant depth. Here, then, we 








have only fracture caused by a blow de- 
livered by an ogival-pointed wedge. It 
differs wholly from perforation ; for while 
in both cases the stored up work or en- 
ergy is the motive power in perforation, 
the thickness perforated depends inverse- 
ly on the size of the hole or diameter of 
the shot ; whereas in destruction by frac- 
ture the point only of the shot enters 
the plate, and its diameter can scarcely 
enter into the question. We may sup- 
pose, when all other conditions are the 
same, fracture effected on any given 
plate may be simply proportional to the 
stored-up work ; but this fact is of little 
use to us, for other conditions will very 


known example. We want to be able 
to calculate for varying dimensions of 
plate and velocity and weight of shot, 
and this at present we cannot do. The 
general method of matching a_ shot 
against a steel-faced or steel plate is to 
give the shot sufficient striking energy 
to perforate wrought iron of the same 
thickness, or else of 20 per cent. more 
thickness than the compound or steel 
plate attacked. This has been the meth- 
od followed at Shoeburyness, at Spezia, 
and at St. Petersburg. In each case, the 
power of the shot to injure armor, which 
you observe was destroyed by fracture, 
was calculated on the basis of perfora- 
tion. It is easy to show that this a totally 
false principle. Surely armor ought to 
be divided into two distinct classes, which 
we may term “soft” and “hard,” the 
former signifying armor which is perfor- 
ated, and the latter, armor which refuses 
to yield in this way, and must be broken 
up. I have tried to illustrate the differ- 
ence by means of a “dropping appara- 
tus ” or “pile-driving machine,” which the 
director of artillery kindly allowed me to 
have made in the arsenal. There isa 
weight into which punches, representing 
ogival shot of different sizes, can be 
fixed. It would be wrong to assume that 
results obtained by such insignificant 
forces necessarily represent what occurs 
in firing at armor; but we may illustrate 
principles thus, if it turns out, as it does, 
that the results here obtained are nearly 
in accordance with the formula which is 
proved to be correct, and is in use for 
problems in armor-piercing. Indeed, I 
got the machine made, feeling confident 
that this would be the case. Wrought 
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iron is represented by millboard slabs, | 


and hard armor by hard brick. The per- 
forations in the millboard slabs are so 
like those made in iron plates that a 
photograph of one might almost be mis- 
taken for the other. The hard brick so 
far resembles hard armor that the point 
of the shot-punch enters a very short 
distance before fracture occurs. To test 
Fairbairn’s equation, oy = mD@t’k; as 
the velocity is here due to a fall, we may 
substitute WH (weight into height) for 


stl and write WH 
29 


the stored-up work - 
=27D?'k. 


this, and you can see that it is fairly car- 


| 


results which are grossly wrong are ob- 


tained. I have taken extreme conditions 


to bring out the error palpably, but this 
error certainly exists in a degree.* It is 
much easier, however, tu find fault than 
to suggest a remedy. How can hard 
armor be dealt with? I have been in the 
habit, when writing in the Engineer, of 
trying to measure the shock against hard 
armor by the energy per ton of shield, 
and only learned recently that Gruson 
employs the same measure. Neverthe- 
less, while it is of some use as a check on 
the perforation figure, it is itself just as 
wrong in theory. It is quite clear that 


| there must be some limit as to the dis- 


| tance of the mass we thus deal with from 
Nothing can well be more simple than | 


ried out, as you can see the height from | 
here, and I shall get nearly the same re- 


which the weight drops. It is easy to 
take one pair of terms and test how one 
affects the other, leaving all the other 
terms constant. Here, to bring out my 
point, I change the diameter and try its 
effect on H, the height of fall. If I 
double the D, obviously if the W is kept 
unaltered I must double the H. Multi- 
ply the D by 4, and I must multiply the 
H by 4. Thus the }-inch shot punch at 
10 inches fali should perforate the same 
slab as the 4-inch punch with 20 inches 
fall, and the inch punch with 40 inches 
fall. At the lowest heights there is 
some irregularity, but still this is ap- 
proximately true; the inch punch, you 
observe, perforates this slab at 60 inches, 
and the +4-inch at 18 inches fall, because 
the latter only requires to make a small 
hole compared with the former. Observe, 
then, as to the thickness perforated. the 
dinch punch at 17 inches is absolutely 
equal to the inch at 60 inches. So much 
for perforation; now for smashing hard 
armor. The 4-inch punch breaks the 
brick slab at 10 inches fall. Now, no one 
here can suppose that the inch punch 
with the same weight behind it requires 
four times the fall. You see it is about 
equal to it with an equal fall. For per- 
foration, then, the energies required, are 
in the proportion of nearly four to one ; 
for smashing they are equal. Does not 
this show what a totally wrong principle 
is followed at Shoeburyness, at St. Peters- 
burgh, and at Spezia, when the shot is 
matched against hard armor on the data 
for perforation? I do not mean that 


the point of impact. If I strike a long 
narrow plate near one end, surely it wil! 
snap across. The length is immaterial 


sults with two plates, one double the 
length and weight of the other, and 
therefore receiving only half the shock 
per ton. We must not, then, blindly take 
the whole weight of each plate as the 
basis of calculation. 

The results of fracture constitute so 
difficult a problem that it has been said 
that it has nothing to say to mathemati- 
cal calculation. This, however, you will. 
I think, not concede. Surely the line of 
least resistance must be subject to me- 
chanical laws, however hard to discover. 
Even steel itself, though we may be 
tempted to think so, is not really capri- 
cious, but is bound to follow certain laws. 
In this question we have no doubt difli- 
cult elements. As to dimensions, we 
have probably primarily to consider the 
minimum cross measurement as one line 
of probable fracture, but you will see that 
from various causes the plate does not 
always so yield; bolt-holes and other 
elements may have their influence. Still, 
while not a guide as to actual direction, 
the minimum cross measurement may 
help as to amount of resistance. On the 
other hand, an increase in the maximum 
direction or length of a plate is held 
rather to facilitate cross fracture just as 
a long stick is more easily broken than a 
short one. The actual work of cracking 
is difficult to investigate. Clearly the 


* At Copenhagen, in March, 1883, a 9inch old type 
Woolwich gun and a 534-inch Krupp were fired to- 
gether. Their powers of perforation were as 118 and 
128, while their total energies were 16,408 and 5,760. 
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first portion of a crack represents much 
more work than the completion of it, 
consequently an increase in width of plate 
would most probably not give a plate a 
proportional increase in resisting power. 
Such a question as this could only be in- 
vegtigated by a very extended series of 
experiments. I would, however, venture 
to suggest that much might be done on 
a very small scale. I understand Mr. 
Whinfield to say that Sir Joseph Whit- 
worth has found that experiments with 
bullets represent generally the conditions 
of similar ones with ordnance. I should 
think, then, that much might be learned 
by firing steel bullets against a series of 
small plates of steel and chilled iron, 
always keeping all conditions uniform, 
except those whose relation is the object 
of investigation ; comparisons being made 
as far as possible with such results of ex- 
periments with ordnance as we possess. 
Be this as it may, is it not obvious that 
at the present moment all nations are in 
want of experiments made with a view to 
determine the conditions of fracture of 
hard armor under impact ? 

In England we need trials against the 
hardest classes of armor, that is, solid 
steel and chilled iron; otherwise, our 
success in perforating iron, and even 
steel-faced armor, may tend to develop 
hardness in our shot at the expense of 
the tenacity that is needed for the hard- 
est classes of foreign armor. These two 
classes—solid steel and chilled iron—we 
ought to have specially in view, because 
many of the ships which most concern us 
carry steel, namely, the Admiral Duperre 
and most French ships, as well as the 
Duilio and Dandolo, while nearly all 
foreign coast forts have chilled iron 
armor. Chilled iron had been adopted 
for inland forts as well as coast defences 
in France, owing to its power to resist 
chilled shot ; but in 1882 steel projectiles 
were tried against it, and produced such 
effect that chilled iron was then con- 
demned for inland works, which, it may 
be observed, are liable to be exposed to 
more prolonged and systematic fire than 
coast forts. Should we unfortunately 
retain our chilled shot after foreign pow- 
ers adopt steel, the above verdict in 
France would imply that chilled iron 
forts are good enough to resist English 
shot, but not those of other nations. At 
Meppen, in 1879, chilled shot failed 


. 


against a chilled iron shield, and had to 
be replaced by steel projectiles. If it be 
urged that the attack of armored coast 
forts is an exceptional and undesirable 
operation, it must surely be admitted 
that the weakness here brought out must 
be exhibited in a measure against other 
hard structures, and is surely a matter to 
investigate. Last year a commission was 
sent over from America to investigate the 
condition of iron and steel in Europe. It 
is said that the report speaks unfavorably 
of English steel. This is to be under- 
stood if it refer to our steel projectiles, 
which seem specially to need encourage- 
ment at the present time. 

Captain Mackinlay, R.A., referring to 
a remark of Captain Orde Browne’s, said 
he had brought out in a very clear man- 
ner the different behavior of steel or 
compound armor and of wrought iron 
alone, when struck by a projectile. With 
the old system of wrought iron it was easy 
to tell beforehand what might be effected 
by a given projectile, striking with a 
given velocity; but experiments with the 
modern kind of armor showed that the 
estimation of probable results beforehand 
was not an easy matter. Mention had 
been made of a steel-faced plate at Shoe- 
buryness, the resisting power of which 
was very good, and from the absence of 
concentric cracks it would appear that 
that plate had been only slightly deformed, 
and had been kept in its place by the 
rigid backing behind it. Contrasting 
with this the behavior of the compound 
plates at Spezia, which broke up, it would 
appear that where the target itself was 
able to give way considerably, such a 
plate would be likely to break up. There- 
fore no estimation of the probable resist- 
ing power of any new plate could be well 
arrived at without a careful consideration 
of the backing. The frame holding 
experimental targets was not generally 
nearly so rigid as that which would con- 
tain it on an actual fortification or on a 
ship. Coast forts might have an advant- 
age over ships, for the reason that it was 
easy to give a rigid backing to armor on 
a fort, where weight was of little account, 
but it was not so easy in the case of a 
ship; so that if a plate were struck at 
some point between the ribs, there would 
not be so good a result as if it had an 
even surface of granite behind it. Cap- 
tain Orde Browne said that the heavier 
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the plate, the better was it able to resist 


the blow; and that seemed to be a point 
worthy of great consideration. With 
wrought iron it apparently did not mat- 
ter so much what the size of the plate 
was; the chief point was its thickness. 
A large plate of steel appeared to have 


better resisting powers than a smaller) 


one, because to a considerable extent it 
was able to distribute the blow through- 
out the whole of it. A few years ago an 
experiment was made on the English | 
coast by firing at a ship’s turret, which | 
received two blows, nearly enough to} 
penetrate it. The object of the experi- 
ment was to determine whether the turret 
could afterwards be revolved, or whether 


Mr. Scattergood stated that if Captain 
Browne had said nothing more than was 
contained in the last five lines of his 
paper, he had shown that it was the duty 
‘of the manufacturers of iron aad steel to 
do the best they could to retvieve what 
they appeared to have lost—their good 
name. Captain Browne had referred to 
the commission sent from America to in- 
vestigate the condition of iron and steel 
in Europe, who had reported, it was said, 
unfavorably of English steel. He sup- 
posed the object of bringing forward the 
|paper was to induce the manufacturers 
of steel to make better steel than they 
had hitherto done. 

The President thought he ought not 


any besides local damage had been inflict- | to allow the discussion to proceed with- 
ed. That turret revolved freely after-| out remarking that Captain Browne dis- 
wards. In the case of the //uascar, in \tinctly stated that the steel was found 
the war between Chili and Peru, the tur-| not to be suitable for a special purpose, 
ret could also be revolved after being | though no fault was found with the steel 
penetrated several times by 9-inch pro-| as steel. It was for those gentlemen who 
jectiles. In compound armor the whole |conducted experiments like those of 
effect of the blow was more taken by the | which Captain Browne had spoken to tell 
whole mass, and it was a question whether the steel manufacturers of the country 
turrets made of that new kind of armor) what were the precise qualities of steel 
would not jam after they were hit. At-| | required for their purposes. Whenever 
tention had recently been drawn to this that was done, English manufacturers 
point in the discussion on Colonel Mon- | would, he had no doubt, produce steel to 
crieff’s lecture at the Royal United States | “satisfy the requirements of artillerists. 
Service Institution. With regard to| Mr. Nordenfelt believed the reason why 
armorplates, there are only two manufac- | English manufacturers had had so little 
tories in England, both being in Sheffield. | chance of showing what could be done 
It would be an advantage, from a national | in projectiles, as well as other things, 
point of view, that other-makers should | was that they had so little opportunity of 
take it up, so that there might be several trying what they made. In England 
firms to make a large supply of armor if | there was a school of gunnery, with high- 
required to meet sudden demands. lly intelligent officers, and the colonel 
Mr. J. Riley said he had often wondered | there had two assistants. But in France, 
why the government had not dono more | |independently of the land artillery, the 
with regard to steel projectiles. Some) marine artillery kept a staff of sixteen 
years ago he sent for trial half-a-dozen | officers, who did nothing but experiment 
shot and shell made of steel. The|with the manufacturers of the steel- 
Terre Noire Works made shot and shell | makers of that country. It was a matter 
largely, and why those should be so much|of money. The treasury here did not 
more highly prized than shot made in like to ask for the money, and the officers 
this country he could not understand. who had charge of the Government fac- 
Mr. Henry Davey said that it occurred to tories dared not ask for money, for if 
him that if they could destroy some of they did they would be snubbed. He 
the energy of the shot before it was believed that the experts in charge of 
brought on to the actual armorplate, it these matters in this country went almost 
would be a point of great importance. If further than Captain Browne, in admit- 
one armorplate was put in front of the ting the value of steel, and in admitting 
other, the shot after passing through that in this country steel had been made 
the first plate would have so much of its by manufacturers which had done quite 
energy spent that it would require a less as much, if not more, than the French 
resisting material behind it. | steel projectiles. 
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The President said that it was his 
pleasing duty to record a vote of thanks 
to Captain Browne for his interesting 
paper, which opened up many subjects 
worthy of the consideration of his pro- 
fession, as also of the iron and steel 
manufacturers of England. Not only 
iron and steel manufacturers, but the na- 
tion also was much indebted to him for 
having called attention to the serious 
question of the nature of the projectile 
which should be prepared for attacking 
armor of different descriptions. It would 
be very desirable that they should be in- 
formed what was the specific nature of 
the steel which the Government would 
in the first instance be willing to test for 
the purpose to which he had referred. 
Nothing was better understood than the 
production of steel of any degree of 
tenacity and hardness; all the English 
manufacturers required was to be told 
what were the qualities best adapted for 
the purpose intended, viz., breaking the 
armor up; because he supposed that 
penetration of the hard armor-plates now 
generally adopted here and abroad was 
out of the question. 

Captain Orde Browne said that with 
regard to what Captain Mackinlay had 
stated, he wished to make it clear that it 
was so intolerable to have a hole made in 
a shield and to get a shell far through it 
so as to explode in the interior, that he 
looked upon it as a certainty that armor 
would always be made hard enough to 
stop that. The introduction of hard ar- 
mor was having a greater effect upon 
shot than people were aware of. Econo- 
my caused them to try their own shot 
against their own armor, and he had told 
the authorities that they ought not to be 
content with trying wrought iron and 
steel-faced armor. With the exception of 
wrought iron, steel-faced armor was the 
softest of any, and that was the hardest 
we have in England. Other countries 
used steel which was harder, and chilled 
iron which was harder still. These ex- 
tremely hard kinds of armor called for a 
different class of projectile to that which 
had been used in this country. Chilled 
shot, which did very well for wrought 
iron, failed against chilled armor. Krupp, 
In one experiment, wanted to show that 
a wrought iron shield was better than one 
of chilled iron. Gruson, a rival of Krupp, 
manufactured chilled iron, and Krupp 


wanted to show that his rival’s shield was 
a bad one. He made his rival's shield 
and his own, and said he would destroy 
both by chilled projectiles. But he found 
that his rival's shield stood so much bet- 
ter than he expected, that he took to steel 
shot, and then in time he broke it up. It 
was true that a chilled shot going through 
soft armor would break up, but it would 
go on and get through, and its front re- 
mained perfectly sharp. A softer shot 
was inferior in penetration, but was bet- 
ter for very hard armor, because if both 
shot were abruptly resisted before each 
shot got the support which it did during 
penetration, the hard shot would smash 
to pieces, producing but little effect, and 
the softer shot would produce more effect, 
although it also broke up. They were 
rather running on wrong lines in this 
country, because they kept on using 
armor which did not bring out the full 
value of tenacity in the shot. He had 
never seen chilled iron or steel fired at in 
this country except one steel target be- 
longing to Sir Joseph Whitworth. Chilled 
iron was fired at many years ago, but it 
was then in avery embryo condition. He 
thought it was detrimental to this coun- 
try that they did not try shot against the 
_very hard armor used abroad. Captain 
Mackinlay had called attention to the 
experiments made against the Glatton 
turret some years ago, and showed that 
however much they could perforate a 
wrought iron turret, it could afterwards 
be revolved, and now they had got rather 
smaller bores and higher velocities, the 
shot would penetrate with less resistance 
and less contortion. The whole thing 
was, what was the resistance in the act 
of going through? It looked as if a 
wrought iron turret would not be affect- 
ed because they had shot of greater 
power of perforation. The shot tired at 
the Glatton turret nearly performed the 
possible work that could be done for the 
size of the hole it made, and still the tur- 
ret worked very well. If they substituted 
hard armor for soft, the work was dis- 
tributed through the whole mass, and it 
was more likely to suffer distortion. He 
had seen a steel-faced target at Shoebury- 
ness in which the whole plate was driven 
back several inches, but they never could 
see a thing like that in wrought iron. 
That was a serious thing for a turret, 
| because if the shot had sufficient work in 
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it it might have lifted the entire turret up; 
and the reason it did not dislocate the 
turret was, because the work was local 
and rapid. 
faced armor, and therefore, as they went 
on to harden armor, there might come a 
time when it might be necessary to try 
further experiments, such as firing at an 
armor-plated ship. With regard to double 
plates the question was a very large one, 
and some very odd effects had been pro- 
duce by them. One was that if they had 
two plates, with a space in between, and 


fired a chilled shot at them, the shot would | 
go through a comparatively insignificant | 
front plate, and then on striking the back | 


plate it would fly into fragments. That 


could not be utilized, because foreign | 


nations did not use chilled shot, and be- 


cause they might fire a shell which would | 


blow the front plate off. Supposing they 


had a steel plate capable of keeping out | 
a certain shot, and they put a thin} 
wrought iron plate in front of it, the shot | 
that was before kept out would now go, 
through the iron, steel, and all, for the} 
reason that it was not resisted when its | 
point only touched the shield. If they 
resisted the shot when its point only was | 
touching, they got an outward thrust and | 
smashed the shot to pieces; but if the | 
shot were allowed to get its head in, it | 
was then supported all round, and would | 


go through. He had stated that the) 
Americans spoke unfavorably of English | 
steel, but he hoped he was not responsi- 


ble for everything that Americans said. | 


The report was not out yet, but it had 
been hinted to him that it stated that. 
English steel was in a bad state. He) 
could only attribute that to the fact that | 
they had not made steel shot on a large. 
scale, for the reason that the government | 
would not have it, and he did not think | 
the government fully appreciated the | 
position of the question. Steel project-_ 
iles were expensive, but they had to prove | 
them against targets, and the targets cost | 
money. If any one made a steel project- | 
ile, and sent it to Shoeburyness to be! 
tested, he would only have the oppor- | 
tunity of trying it as far as he had money | 
to spend, at the rate of £4.000 or £5,000 | 
for each shield of iron, and he could not | 
try more than two or three shots at each | 
plate. Then if it turned out badly the 
maker’s reputation was staked upon it. | 


He once tried to persuade the ord-(|¢he molten structure in the other two cases. 


| mance committee to this. He believed 


the manufacture of steel shot in the 


‘country wanted developing very much 
The Jnflexible had steel-|indeed. The French a year and a half 


or two years ago adopted cast chilled 
iron armor, and retained it as long as 
they fired chilled shot, but when once 
they fired steel shot they condemned the 
whole thing. At this moment all Eng- 
lish ships carried chilled iron shot, and 


‘not steel. The French chilled iron shields 


then were good enough to resist our 
chilled shot, but not steel shot; and a 
foreign nation that adopted steel shot 
would have projectiles much better than 
our own. Anything that could be done 
to prove the necessity for the manufac- 
ture of steel projectiles in this country 
would, he believed, be of great service, 
and that was one of his reasons for bring- 
ing forward this paper. 
sae 


ne Conpuctivity oF Coprer.—The true na- 

ture of electrical resistance is by no means 
well known; and the only light which the in- 
duction balance of Professor Hughes has as yet 
shed upon it has not revealed its true nature. 
An interesting observation recently made by 
Mr. W. Groves, the well-known practical elec- 
trician of Bolsover Street, W., deserves to be 
more widely known. Mr. Groves took thin 
dises of brass and coated them by electro-depo- 
sition with a thick layer of pure crystalline cop- 
per. He then cut similar discs of copper from 
the deposit and tested them in the induction 
balance. The scale gave 200 as their induc- 
tion value. The same discs, after being melted 
in a founder’s furnace, only gave 100 on thie 
scale, and after a second melting their induc- 
tion value had fallen to nearly that of ordi- 
nary sheet copper, namely from 50 deg. to 80 
deg. If, as many believe, the induction value 
represents the conductivity of the copper, there 
is here a great falling off, and it might be val- 
uable not only in a theoretical, but a practical 
sense, to find out the true cause. Dr. Mathies- 
sen found that copper lost in conductivity by 
absorption of oxygen, and the pure copper be- 
ing fused in an ordinary founder’s furnace may 
have lost its electric conducting power by ab- 
sorption of this impurity. Should that prove 
to be the case there is much to be gained by 
fusing copper in presence of hydrogen, which, 
uniting with the oxygen, would form water, 
and leave the copper in its pure condition. To 
ascertain this it will be necessary to call in the 
aid of chemistry, and analyze the copper so 
treated. Mr. Grove’s experiment is interesting 
as opening up a field for further investigation. 
Should the effect in question not be traceable 
to the absorption of oxygen it may be due to 
the molecular structure of the copper in the 
three cases mentioned, the crystalline structure 
of the first case being more conductive than 
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THE TWO MANNERS OF MOTION OF WATER.* 


By Pror. OSBORNE REYNOLDS, F.R.S. 


From “ Nature.” 


Ir has long been a matter of very gen- 
eral regret with those who are interested 
in natural philosophy that in spite of 
the most strenuous efforts of the ablest 
mathematicians the theory of fluid mo- 
tion fits very ill with the actual beha- 
vior of fluids, and this for unexplained 
reasons. The theory itself appears to be 
very tolerably complete, and affords the 
means of calculating the results to be 
expected in almost every case of fluid 
motion, but while in many cases the the- 
oretical results agree with those actually 
obtained, in other cases they are alto- 
gether different. 

If we take a small body, such as a 
raindrop, moving through the air, the 
theory gives us the true law of resistance; 
but if we take a large body, such as a 
ship moving through the water, the theo- 
retical law of resistance is altogether out ; 
and what is the most unsatisfactory part 
of the matter is that the theory affords 
no clue to the reason why it should ap- 
ply to the one class more than to the 
other. 

When, seven years ago, I had the 
honor of lecturing in this room on the 
then novel subject of vortex motion, I 


ventured to insist that the reason why | 


such ill suecess had attended our theo- 
retical efforts was because, owing to 


the uniform clearness or opacity of water | 


of water and air, we can see nothing of 
the internal motion, and while exhibit- 
ing the phenomena of vortex rings in 
water, rendered strikingly apparent by 
partially coloring the water, but other- 
wise as strikingly invisible, I ventured 


to predict that the more genera] applica-. 


tion of this method, which I may call the 
method of color bands, would reveal 
clues to those mysteries of fluid motion 
which had bafiled philosophy. 

To-night I venture to claim what is, at 
all events, a partial verification of that 
prediction. The fact that we can see as 
far into fluids as into solids naturally 
raises the question why the same success 


Pn Lecture at the Royal Institution, on Friday, March 


'should not have been obtained in the 
case of theory of fluids as in that of 
solids. The answer is plain enough. As 
arule there is no internal motion in solid 
bodies, and hence our theory, based on 
the assumption of relative internal rest, 
applies to all cases. It is not, however, 
impossible that, at all events,a seemingly 
solid body should have internal motion. 
and a simple experiment will show that 
if a class of such bodies existed they 
would apparently have disobeyed the 
laws of motion. 

These two wooden cubes are appar- 
ently just alike, each has a string tied to 
it. Now, if a ball is suspended by a 
string you all know that it hangs verti- 
cally below the point of suspension, or 
swings like a pendulum; you see this 
one does so, the other, you see behaves 
quite differently, turning up sideways. 
The effect is very striking so long as you 
do not know the cause. There is a heavy 
revolving wheel inside, which makes it 
behave like a top. 
| Now, what I wish you to see is, that 
had such bodies been a work of nature, 
so that we could not see what was going 
on—if, for instance, apples were of this 
nature while pears were what they are, 
the laws of motion would not have been 
discovered, or, if discovered for pears, 
would not have applied to apples, and so 
would hardly have been thought satisfac- 
tory. 

Such is the case with fluids. Here 
are two vessels of water which appear 
exactly similar, even more so than the 
solids, because you can see right through 
them, and there is nothing unreasonable 
in supposing that the same laws of mo- 
tion would apply to both vessels. The 
application of the method of color-bands, 
however, reveals a secret—the water of 
the one is at rest, while that in the other 
is in a high state of agitation. 

Iam speaking of the two manners of 
‘motion of water—not because there are 
| only two motions possible ; looked at by 
‘their general appearance the motions of 
water are infinite in number; but what it 
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is my object to make clear to-night is, that | |sinuous. In both cases there is a cer- 
all the various phenomena of moving/tain influence necessary for order: 
water may be divided into two broadly | with troops it is discipline, with water 
distinct classes, not according to what|it is viscosity or treaclyness. The 
with uniform fluids are their apparent mo- | better the discipline of the troops, or 
tions, but according to what are the inter- | the more treacly the fluid, the less likely 
nal motions of the fluids which are invis- |is steady motion to be disturbed under 
ible with clear fluids, but which become | any circumstances. On the other hand 
visible with color-bands. |speed and size are in both cases in- 
The phenomena to be shown will, I | fluences conducive to unsteadiness. The 
hope, have some interest in them- larger the army and the more rapid the 
selves, but their intrinsic interest is | evolutions, the greater the chance of dis- 
as nothing compared to their philosophi- | order ; so with fluid, the larger the chan- 
cal interest. On this, however, I can|nel and the greater the velocity the more 
but slightly touch. I have already point- | chance of eddies. With troops some 
ed out that the problems of fluid motion evolutions are much more difficult to ef- 
may be divided into two classes, those in fect with steadiness than others, and 
which the theoretical results agree with some evolutions which would be perfectly 
the experimental and those in which they | safe on parade would be sheer madness 
are altogether different. Now what) inthe presence of an enemy. It is much 
makes the recognition of the two man- | the same with water. 
ners of internal motion of fluids so im-| One of my chief objects in introducing 
portant is, that all those problems to this analogy is to illustrate the fact that 
which the theory fits belong to the one even while executing manceuvres in a 
class of ternal motions. The point be- | steady manner there may be a fundamen- 
fore us to-night is simple enough, and | tal difference in the condition of the fluid. 
may be well expressed by analogy. ‘Most | This is easily realized in the case of 
of us have more or less familiarity with | troops, difficult and easy manceuvres may 
the motion of troops, and we can well! be executed in equally steady manners if 
understand that there exists a science of all goes well, but the conditions of the 


military tactics which treats of the best 
manceuvres to meet particular circum- 
stances. Suppose this science proceeds 
on the assumption that the discipline of 
the troops is perfect, and hence takes no 
account of such moral effects as may be 
produced by the presence of an enemy. 
Such a theory would stand in the same 
relation to the movements of troops as 
that of hydrodynamics does to the move- 
ments of water. For although only dis- 
ciplined motion may be recognized in 
military tactics, troops have another 
manner of motion when anything dis- 
turbs their order. And this is precisely 
how it is with water; it will move ina 
perfectly direct disciplined manner under 
some circumstances, while under others 
it becomes a mass of eddies and cross 
streams, which may be well likened to 
a whirling struggling mob, where each 
individual element is obstructing the 
others. Nor does the analogy end here. 
The circumstances which determine 
whether the motion of troops shall be a 
march ora scramble are closely analo- 
gous to those which determine whether 
the motion of water shall be direct or| 


‘moving troops are essentially different, 
for while in the one case, any slight 
disarrangement would be easily rectified, 
‘in the other it would inevitably lead to a 
iscramble. The source of such a change 
in the manner of motion may be ascribed 
either to the delicacy of the manceuvre or 
to the upsetting disarrangement, but as 
a matter of fact both these causes are 
necessary. In the case of extreme deli- 
cacy an infinitely small disturbance, such 
as is always to be counted upon, wil 
effect the change. Under these circum- 
stances we may well describe the condi- 
tion of the troops in the simple manceuvre 
as stable, while that in the difficult ma- 
neeuvre is unstable, 7. ¢., will break down 
on the smallest disarrangement. The 
small disarrangement is the immediate 
cause of the break-down in the same 
sense as the sound of a voice is sometimes 
the cause of an avalanche, but since such 
disarrangement is certain to occur a con- 
dition of instability is the real cause of 
the change. 

All this is exactly true for the motion 
‘of water. Supposing no disarrangement, 
'the water would move in the manner 
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indicated in theory, just as if there were | 
no disturbance an egg would stand on its 
end, but as there is always some slight 
disturbance it is only when the condition 
of steady motion is more or less stable 
that it can exist. In addition then to the 
theories either of military tactics or of 
hydrodynamics, it is necessary to know 
under what circumstances the manceuvres 
of which they treat are stable or unstable. 
It is in definitely separating these that the 
method of color-bands has done good 
service, which will remove the discredit 
in which the theory of hydrodynamics | 
has been held. 

In the first place it has shown that the 
property of viscosity or treaclyness pos- 
sessed more or less by all fluids is the 
general influence conducive to steadiness, 
while, on the other hand, space and 
velocity have the counter influence. Also 
that the effect of these influences is sub- 
ject to a perfectly definite law, which is 
that a particular evolution becomes un- 
stable for a definite value of the viscosity | 
divided by the product of the velocity 
and space. This law explains a vast 
number of phenomena which have hither- 
to appeared paradoxical, one general con- 
clusion is that with sufficiently slow 
motion all manners of motion are stable. 

The effect of viscosity is well shown 
by introducing a band of colored water 
across a beaker filled with clear water at 
rest. Then, when all is quite still, turn 
the beaker about its axis. The glass 
turns, but not the water, except that 
which is quite close to the glass. The| 
colored water which is close to the glass | 
is drawn out into what looks like a long | 
smear, but it is not a smear. It is simply | 
a color-band extending from the point in | 


motion of the glass to the water within. 


the beaker back, and the smear closes up 
until the color-band assumes its radiai- 
position. Throughout this evolution the 
motion has been quite steady—quite ac- 
cording to the theory. 

When water flows steadily, it flows in 
streams. Water flowing along a pipe is 
such a stream. ‘This is bounded by the 
solid surface of the pipe, but if the water 
is flowing steadily we can imagine the 
water to be divided by ideal tubes into a' 


‘free surfaces. 


‘may be straight and curved. 


faggot of indefinitely small streams, any 
one of which may be colored without al- 
tering its motion, just as one column of 
infantry may be distinguished from an- 
other by color. 

If there is internal motion, it is clear 
that we cannot consider the whole stream 
bounded by the pipe as a faggot of ele- 
mentary streams, as the water is continu- 
ally crossing the pipe from one side to 
another, any more than we can distin- 
guish the streaks of color in a human 


‘stream in the corridor of a theatre. 


Solid walls are not necessary to form a 


‘stream. The jets from a fountain or cas- 


cade in Niagara are streams bounded by 
A river is a stream half 
bounded by a solid surface. Streams may 


be parallel, as in a pipe; converging or 


diverging, as in conical pipes; or they 
All these 
circumstances have their influence on sta- 
bility in the manner indicated in the ac- 
companying diagram: 


CIRCUMSTANCES CONDUCIVE TO 
Direct or Steady Motion 
(1) Viscosity or fluid 


Sinuous or Unsteady 
Motion 


friction which continu- 
ally destroys disturb- 
ance. Thus treacle is 
steadier than water. 

(2) A free bounding 
surface. 

(3) Converging solid 
boundaries. 

(4) Curvature of the 
streams with the veloc- 
ity greatest on the out- 
side. 


(5) Particular varia- 
tion of velocity across 
the stream, as when a 
stream flows through 
still water. 

(6) Solid bounding 
walls. 

(7) Diverging solid 
bounding walls. 

(8) Curvature with 
the velocity greatest on 
the inside. 


It has for a long time been noticed 
that a stream of fluid through fluid other- 
wise at rest is in an unstable condition. 
which the color touched the glass in a/ It is this instability which renders flames 
spiral manner inwards; showing that the and jets sensitive to the slight disarrange- 
viscosity is slowly communicating the ment caused by sound. 


| Ihave here a glass vessel of clean wa- 
To show this it is only necessary to turn ‘ter in front of the lantern, so that any 


color-bands will be projected on to the 
screen. You see the ends of two vertical 
tubes facing each other: nothing is flow- 


ing through these tubes, and the water in 


the vessel is at rest. I now open two 
taps, so as to allow a steady stream -of 


colored water to enter at the lower pipe, 
water flowing out at the upper. 


The 
water enters quite steadily, forms a sort 


of vortex ring at the end, which proceeds 


across the vessel, and passes out at the 
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lower pipe. The colored stream then ex- 
tends straight across the vessel, and fills 
both pipes: you see no motion; it looks 
like a red glass rod. The red water is, | 
however, flowing slowly, so slowly that 
viscosity is paramount, and hence the 
stream is steady. As the speed is increased, 
a certain wriggling, sinuous motion ap- 
pears in the column; a little faster and 
the column breaks up into beautiful and | 
well-defined eddies, and spreads into the 
surrounding water, which, becoming 
Opaque with color, gradually draws a veil 
over the experiment. ‘The final breaking 
up of the column was doubtless deter- 


mined by some slight vibration in the) 


apparatus, but such vibration, which is 


always going on, will not affect the stream | 
‘the contracting tube maintains its char- 


until it is in a sufficiently unstable condi- 
tion. The same is true of all streams 
bounded by standing water. 

If the motion is sufficiently slow, ac- 
cording to the size of the stream and the 
viscosity, the stream is steady and stable. 
Then at a certain critical velocity, deter- 
mined by the ratio of the viscosity of the 
water to the diameter of the stream, the 
stream becomes unstable. So that under 
any conditions which involve a stream 
through surrounding water, the motion 
becomes unstable at sufficiently great ve- 
locities. 

Now one of the most noticeable facts 


in experimental hydrodynamics is the dif- | 


ference in the way in which water flows 
along contracting and expanding chan- 
nels. Such channels are now projected 
on the screen, surrounded and filled with 
clean, still water. The mouth of the 
tube at which the water enters is wide ; 
the tube then contracts for some way, 
then expands again gradually until it is 
as wide as at the mouth. At present noth- 
ing is to be seen of what is going on. On 
coloring one of the elemetary streams, 
however, outside the mouth, a color-band 
is formed. This color-band is drawn in 
with the surrounding water, and shows 
what is going on. It enters quite steadily, 
preserving its clear streak-like character 
until it has reached the neck, where con- 
vergence ceases ; then on entering the 
expanding channel it is altogether broken 
up into eddies. Thus the motion is di- 
rect and steady in the contracting tube, 
sinuous in the expanding. 

The theory of hydrodynamics af-' 
fords no clue to the cause of this differ- | 


ence, and even as seen by the method of 
color-bands the reason for the sinuous 
motion is not obvious. If the current be 
started suddenly at the first instant, the 
motion is the same in both parts of the 
channel. Its changing in the expanding 
pipe seemed to imply that there the mo- 
tion is unstable. If this were so, it 
ought to appear from the theory. I am 
ashamed to think of the time spent in 
trying to make this out from the theory 
without any result. I then had recourse 
to the method of color again, and 
found that there is an intermediate 
stage. 

When the tap is first opened, the im- 
mediately ensuing motion is nearly the 
same in both parts; but, while that in 


acter, that in the expanding changes its 
character : a vortex ring is formed which, 
moving forwards, leaves the motion be- 
hind that of a parallel stream through 
the surrounding water. When the mo- 
tion is sufficiently slow, the stream is 
stable, as already explained; there is 
then direct motion in both the contract- 
ing and expanding portions of the tube, 
but these are not similar, the first being 
a faggot of similar elementary contract- 
ing streams, the latter being that of one 
parallel stream through surrounding 
fluid. The first is a stable form, the 
second an unstable, and on increasing 
the velocity the first remains, while the 
second breaks down, and as before, the 
expanding tube is filled with eddies. This 
experiment is typical of a large class of 
motions. Whenever fluid flows through 
a narrow neck, as it approaches the neck 
it is steady, after passing the neck it is 
sinuous. The same is produced by an 
obstacle in the middle of a stream, and 
virtually the same by the motion of a 
solid through the water. 

The object projected on the screen is 
not unlike a ship. Here the ship is fixed 
and the water flowing past it, but the 


effect would be the same were the ship 


moving through the water. In the front 
of the ship the stream is steady, so long 
as it contracts, until it has passed the 
middle ; you then see the eddies formed 
as the streams expand again round the 
stern. It is these eddies which account 
for the difference between the actual and 
theoretical resistance of ships. 

It appears then that the motion in the 
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expanding channel is sinuous, because 
the only steady motion is that of a stream 
through still water. Numerous cases in 
which the motion is sinuous may be ex- 
plained in the same way, but not all. If 
we have a parallel channel, neither con- 
tracting or expanding, the steady moving 
streams will be a faggot of steady paral- 
lel elementary streams all in motion but 
having different velocities, those in the 
middle moving the fastest. Here we 
have a stream, but not through standing 
water. When this investigation began, 
it was not known whether such a stream 
was ever steady; but there was a well- 
known anomaly in the resistance encoun- 
tered in parallel channels. In rivers and 
all pipes of sensible size experience had 
shown that the resistance increased as 
the square of the velocity, whereas in 
very small pipes, such as represent the 
smaller veins in animals, Poiseuille had 
proved that the resistance increased as 
the velocity. Thus since the resistance 
would be as the square of the velocity 
with sinuous motion, and as the ve- 
locity in the case of direct motion, it 
appeared that the discrepancy would 
be accounted for if it could be shown 
that the motion becomes unstable at 
sufficiently large velocities according 
to the size of the pipe. This has 
been done. You see on the screen a pipe 
with its end open. It is surrounded by 
water, and by opening a tap I can draw 
the water through it. This makes no 
difference to the appearance until I color 
one of the elementary streams, when you 
see a beautiful streak of color extend all 
along the pipe. So far the stream has 
been running steadily, and it appears 
quite stable. As the speed increases the 
color-band naturally becomes finer, but 
on reaching a certain speed the color- 
band becomes unsteady and mixes with 
the surrounding fluid filling the pipe. 
This sinuous motion comes on at a defin- 
ite velocity; diminish the velocity ever 
so little, the band becomes straight and 
clear, increase it again and it breaks up. 
This critical speed depends on the size 
of the tube in the exact inverse ratio, the 
smaller the tube the greater the velocity. 
Also the more viscous the fluid the great- 
er the velocity. 

We have here, then, not only a com- 
plete explanation of the difference in the 
laws of resistance generally experienced, 





and that found by Poiseuille, but also we 
have complete evidence of the instability 
of steady streams flowing between solid 
surfaces. The cause of this instabillty 
is not yet completely ascertained, but 
this much is certain, that while lateral 
stiffness in the walls of the tube is unim- 
portant, inextensibility or .tangential ri- 
gidity is essential to the creation of ed- 
dies. I cannot show you this, because 
the only way in which we can produce 
the necessary condition is by wind blow- 
ing over the surface of water. When 
the wind blows over water it imparts 
motion to the surface of the water just 
as a moving solid surface. Moving in 
this way the water is not susceptible of 
eddies, it is unstable, but the result is 
waves. This is proved by a very old ex- 
periment, which has recently attracted 
considerable notice. If oil be put on the 
surface it spreads out into an indefinitely 
thin sheet, with only one of the charac- 
teristics of a solid surface, it offers re- 
sistance, very slight but still resistance 
to extension or contraction. This resist- 
tance, slight as it is, is sufficient to en- 
tirely alter the character of the motion. 
It renders the motion of the water un- 
stable internally, and instead of waves, 
what the wind does is to produce eddies 
beneath the surface. To those who have 
observed the phenomenon of oil prevent- 
ing waves there is probably nothing 
more striking throughout the region of 
mechanics. A film of oil so thin that we 
have no means of illustrating its thick- 
ness, and which cannot be perceived ex- 
cept by its effects—which possesses no 
mechanical properties that can be made 
apparent to our senses—is yet able to 
prevent an action involving forces the 
strongest that we can conceive, able to 
upset our ships and destroy our coasts. 
This, however, becomes intelligible when 
we perceive that the action of the oil is 
not to calm the sea by sheer force, but 
merely, as by its moral force, to alter the 
manner of motion produced by the ac- 
tion of the wind from that of the terrible 
waves on the surface into the harmless 
eddies below. The wind brings the 
water into a highly unstable condition, 
into what morally we should call a con- 
dition of great excitement ; the oil, by an 
influence we cannot perceive, directs this 
excitement. This influence, although in- 
sensibly small, is, however, now proved 
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to be of a mechanical kind, and to me it 
seems that this instance of one of the 
most powerful mechanical actions of 
which the forces of nature are capable of 
being entirely controlled by a mechani- 
cal force, so slight as to be imperceptible, 
does away with every argument against 
strictly mechanical sources for what we 
may call mental and moral forces. 

But to return to the instability in par- 
allel channels. This has been the most 
complete, as well as the most definite re- 
sult of the method of color-bands. The 
circumstances are such as render defin- 
ite experiments possible; these have 
been made, and reveal a definite law of 
instability, which law has been tested by 
reference to all the numerous and impor- 
tant experiments that have been record- 
ed with reference to the law of resistance 
in pipes, whence it appears that the 
change in the variation of the resistance 
from the velocity to the square of the 
velocity agrees as regards the velocity at 
which it occurs with the change from 
stability to instability. It is thus shown 
that water behaves in exactly the same 
manner, whether the channel is, as in 
Poiseulle’s experiments, of the size of a 
hair, or whether it be the size of a water 
main or of the Mississippi, the only differ- 
ence being that, in order that the mo- 
tions may be compared, the velocities 
must be inversely as the size of the 
channels. This is not the only point ex- 
plained. 

If we consider other fluids than water, 
some fluids like oil or treacle apparently 
flow more slowly and steadily than water; 
this, however, is onlyin smaller channels. 
The velocity at which sinuous motion 
commences increases with the viscosity. 
Thus, while water in ordinary streams is 
always above its critical velocity and the 
motion sinuous, the motion of treacle in 
such streams as we see is below its criti- 
cal velocity and the motion is steady. 
But if nature had produced rivers of 
treacle the size of the Thames, the treacle 
would have flowed as easily as water. 
Thus, in the lava streams from a volcano, 
although looked at closely the lava has 
the consistency of a pudding, in the 
large and rapid streams down the moun- 
tain side the lava flows with eddies like 
water. 

There is now only one experiment left. 
This relates to the effect of curvature in 





the streams on the stability of the mo- 
tion. Here again we see the whole effect 
altered by apparently a very slight cause. 
If the water be flowing in a bent channel 
in steady streams, the question as to 
whether the motion will be stable or not 
turns on the variation of the velocity 
across the channel. In front of the lan- 
tern is a cylinder with glass ends, so that 
the light passes through in the direction 
of the axis. The cylinder is full of water, 
the disk of light on the screen being the 
light which passes through this water, 
and is bounded by the circular walls of 
the cylinder. By means of two tubes 
temporarily attached, a stream of color is 
introduced so as to form a color-band 
right across the cylinder, extending from 
wall to wall; the motion is very slow, 
and, the taps being closed and the tubes 
removed, the color-band is practically 
stationary. The vessel is now caused to 
revolve about its axis. At first only the 
walls of the cylinder move, but the color- 
band shows that the water gradually 
takes up the motion, the streak being 
wound off at the ends into two spiral 
lines, but otherwise remaining still and 
vertical: when the streak is all wound off 
and the spirals meet in the middle, the 
whole water is in motion. But as the 
vessel is still revolving, the motion is 
greatest at the outside, and is thus stable. 
There are no eddies, although the spiral 
rings are so close as nearly to touch each 
other. The vessel stops, and gradually 
stops the water, beginning at the outside. 
If this went on steadily, the spirals would 
be unwound and the streak restored; but 
as the velocity is now greater towards 
the center, the motion is unstable for 
some distance from the outside, and 
eddies form, breaking up the spirals for 
a certain distance towards the middle, 
but leaving the middle revolving steadily. 
Besides indicating the effect of curvature, 
this experiment neatly illustrates the ac- 
tion of the earth’s surface on the air 
moving over it, the variation of tempera- 
ture having much the same effect on the 
stability of the moving fluid as the curv- 
ature of the vessel. The moving air is 
unstable for a few thousand feet above 
the earth’s surface, and the motion con- 
sequently sinuous to this height. The 
mixing of the lower and upper strata 
produces the heavy cumulus clouds, but 
above this the influence of the tempera- 
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tare predominates ; the motion is stable, 
and clouds, if they form, are stratus, like 
the inner spirals of the color-bands. 
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A MERICAN Sooty oF Civit ENGINEERS, 
May 21, 1884. Vice-President Wm. H. 
Pane in the chair, John Bogart, Secretary. 

A description of a permanent transmitting 
dynamometer, constructed by the late Prof. 
Charles A. Smith, M. Am. Soc. C. E., was 
read. This dynamometer was put up in con- 
nection with the machine and engine rooms of 
the ManualT raining School at St. Louis, and has 
been in coustant use for seven years. Its pecu- 
liarity is simplicity. The tension of a belt being 
measured through a balance beam which com- 
presses a spring. 

The subject of temperature of water at various 
depths was discussed by Mr. D. J. Whitte- 
more, President of the Society, who referred to 
the fact that cold water is frequently obtained 
by mariners upon the Great Lakes by sinking a 
corked jug to some depth, and then by with- 
drawing the cork the jug is filled with water 
very cold and refreshing. 

Observations upon the temperature of the 
water at various depths in Pine Lake, Wiscon- 
sin, were also represented. 

Temperature observations upon Lake Supe- 
rior, show comparatively constant temperature 
at the bottom, of about 39 degrees, and in 
depth from 400 to 100 feet. 

Observations upon the temperatures of the 
earth, as shown by deep mines, were presented 
by Messrs. Hamilton Smith, Jr., and Edward 
B. Dorsey. Mr. Smith said that the tempera- 
ture of the earth varies very greatly at different 
localities and in different geological formations. 
There are decided exceptions to the general 
law that the temperature increased with the 
depth. At the New Almaden quicksilvermine 
in California, at the depth of about 600 feet the 
temperature was very high—some 115 degrees, 
but in the deepest part of the same mine, 1,800 
feet below the surface and 500 feet below sea 
level, the temperature is very pleasant, probably 
less than 80 degrees. 

At the Eureka mines in California the air, 
1,200 feet below the surface,i;appears nearly as 
cool as 100 feet below the surface. The normal 
temperature of the earth at a depth of 50 or 60 
feet is probably near the mean annual tempera- 
ture of the air at the particular place. At the 
Comstock mines, some years since, the miners 
could remain but a few moments at a time on 
account of the heat. Some ice water was given 
them as an experiment; it produced no ill ef- 
fects, but the men worked to much better ad- 
vantage, and since that time ice-water is fur- 
nished in all these mines and drunk with appar- 
ently no bad result. 

Mr. E. B. Dorsey said that the mines on the 
Comstock vein, Base ay were exceptionally 
hot. At depths of 1,500 to 2,C00 feet, the 
thermometer placed in a fresh drilled hole will 
show 130 degrees. 

Very large bodies of water have run for years 





at 155 degrees and smaller bodies at 170 de- 
grees. 

The temperature of the air is kept down to 
110 degrees by forcing in fresh air cooled over 
ice. 

Captain Wheeler, U. 8S. Engineer, estimated 
the heat extracted annually from the Comstock 
by means of the water pumped out and cold 
air forced in, as equal to that generated by the 
combustion of 55,560 lons of anthracite coal, 
or 97,700 cords of wood. Observations were 
then given upon temperature at every 100 feet 
in the Forman shaft of the Overman mine, run- 
ning from 53 degrees at a depth of 100 feet to 
121,4; degrees at a depth of 2,300 feet. The 
temperature increased: 

100 to 1,000 feet deep, increase 

100 to 1,800 * * “1° in 30.5 * 

100 to 2,300 “ * “ Prams” 

A table was presented giving the temperatures 
of a large number of deep mines, tunnels and 
artesian wells. The two coolest mines or tun- 
nels are in limestone, namely, Chanarcillo mines 
and Mt. Cenis tunnel, and the two hottest are in 
trachyte, and the ‘‘coal measures,” viz., the 
Comstock mines in trachyte and the South Bal- 
gray in the ‘* coal measures.” Mr. Dorsey con- 
sidered that experieuce showed that limestone 
was the coolest formation. 

Mr. Theodore Cooper gave a description of a 
curious slide or slump which recently occurred 
near Dover, New Hampshire, a large section of 
a clay formation having gone bodily into the 
adjacent river, moving trees with it but leaving 
between the river and the cavity a bank of con- 
siderable width. 

JuNE 4th, 1884.—Vice-President Wm. 
Paine in the Chair, John Bogart, Secretary. 

Ballots were canvassed, and the following can- 
didates were elicted:— 

As Members:—James P. Allen (transferred 
from Junior), Charleston, S. C.; Henry P. Bell, 
Winnipeg, Manitoba; William F. Biddle, 
Philadelphia, Pa.; Wendell R. Curtis (trans- 
ferred from Junior). Savannah, Ga.; Chauncey 
Ives, Chambersburg, Pa.; Mace Moulton, Wil- 
mington, Del.; Samuel Rae, Philadelphia, Pa.; 
Percival Roberts, Jr. (transferred from Asso- 
ciates), Philadelphia, Pa.; Levi L. Wheeler, 
St. Louis, Mo. 

As_ Associates:—Alan. H. G. Hardwicke, 
Buffalo, N. Y.; William Roberts, Waltham, 
Mass. 

As Juniors:—William H. Buckhaupt, St. 
Louis, Mo.; Allan D. Conover, Madison, Wis.; 
Martin Gay, West New Brighton, N. Y.; Silas 
B. Russell, St. Louis, Mo.; Chandler D. Starr, 
New York City. 

A paper was read by A. M. Wellington, M. 
Am. Soc. C. E., giving the details and results 
of experiments with a new apparatus upon the 
friction of car journals at low velocities. These 
experiments were undertaken to test the cor- 
rectness of a series of tests described in a pre- 
vious paper, which was made by starting cars 
from a state os rest down a known grade, and 
deducing the resistance from the velocity ac- 
quired. The present experiments were made 
by an apparatus in which the axle to be tested 
is placed in an ordinary lathe having a great 
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variety of speeds, the resistance of the axle 
being measured by the levers connected with a 
yoke encircling the axle, and transmitting the 
pressures to a suitable weighing apparatus. It 
was found important that this weighing appara- 
tus should be direct, as for instance, a platform 
scale rather than a spring scale. The results of 
these experiments, as to initial friction, were 
that friction at very low journal speed is ab- 
normally great, and more nearly constant than 
any other element of friction. 

This abnormal increase of friction is due 
solely to the velocity of revolution. At veloci- 
ties slightly greater, but still very low, the fric- 
tion is still Targe, the co-efficient falling very 
slowly and regularly as the velocity is in- 
creased, but being constantly more and more 
affected by differences of lubrication, load and 
temperature. <A very slight excess of initial 
friction would generally be observed. There is 
no such thing asa journal friction, as a friction 
of rest in distinction from a friction of motion. 
The fact that friction of rest appears to exist is 
due solely to the fact that no journal or other 
solid body can be instantly set into rapid mo- 
tion by any force however great. At ordinary 
operating velocities the character and complete- 
ness of lubrication seems to be much more im- 
portant than the kind of oil used, or even the 
pressure or temperature. 

Comparisons were made of experiments by 
Prof. Thurston and by Mr. Tower, and the ex- 
periments of the author. The rolling friction 
proper in railroad service seems to be very 
small indeed, not exceeding one pound per ton. 
As to theresistance of freight trains in starting, 
it is believed that the resistance at the begin- 
ning of motion,in each journal, is about eighty 
pounds per ton. A velocity of from one-half to 
three miles an hour must be obtained before the 
journal friction falls to ten pounds per ton. At 
six miles perhour the journal friction is at least 
one pound per ton higher than at usual work- 
ing speeds. Temperature exerts a very marked 
adverse influence upon friction at low veloci- 
ties. The velocity of lowest journal friction is 
10 to 15 miles per hour. With bath or other very 
perfect lubrication there is a very slight increase 
of journal friction accompanying velocities up to 


55 miles per hour. With perfect lubrication, as | 


with pad or siphon, greater velocity is as apt to 
decrease as to increase the co-efficient. The latter 
being more like the ordinary lubrication in rail- 
road service, we may say without sensible error 
that the co-efficient of journal friction is ap- 
proximately constant for velocities of 15 to 50 
miles per hour. 

The paper was discussed by members present. 


NGINEERS’ CLUB OF PHILADELPHIA—SPECIAL 
EK Business MeetinG, May 17th, 1884.— 
Vice-President J. J. deKinder in the chair, the 
Secretary presented, for Mr. Edward Parrish, 
an illustrated account of the Effect of Sea Water 
on the Iron Brandywine Shoal Lighthouse. 
This Lighthouse was built in 1849-50, near the 
mouth of the Delaware Bay, and stands in about 
six feet of water. It is the first screw-pile struct- 
ure built in the United States, and has but few 
predecessors in the world. The: house is sup- 


rounded by fifty-two piles of rolled iron, acting 
as an ice fender. The whole is strengthened 
by systems of braces and ties. The effect of the 
water on the iron, continually submerged, has 
been to produce longitudinal seams or grooves, 
with occasional holes on the surface; in some 
cases seriously reducing the strength. The 
most extensive corrosion is observed on the 
hammered iron. Round rods in the air are al- 
tered in section approximating an irregular 
polygon with longitudinal grooves. 

he Secretary presented, for Mr. Sam’l Rea, 
‘A Treatise on Bridge Architecture in which 
the Superior Advantages of the Flying Pendent 
Lever Bridge are Fully Proved,” by Thomas 
Pope, New York, 1811, with Mr. Rea’s com- 
ments thereuponr. 

Prof. L. M. Haupt read an illustrated paper 
on Rapid Transit, giving valuable data relative 
to the effects of velocity of movement on the 
ratio of increase of population, and contrasting 
the situation in New York and Philadelphia. 
In comparing the topography of the two cities, 
a silhoutte of Manhattan Island was laid on a 
map of Philadelphia (same scale), showing that 
the island, from the battery to 150th Street, 
(nine and a half miles), only extended from 
League Island to Erie Ave. From this it was 
inferred that, if there was need for elevated 
roads in New York, there was greater need for 
them in Philadelphia ‘‘as the necessity is pro- 
portional to the extent of surface of a city and 
the distance of its residents from the business 
centers.” The former commercial supremacy 
of Philadelphia was considered, with the rea- 


| sons for the rapid decline in the ratio of increase 


' restricted. 


of population, which has diminished from 79 
per cent. in the decade 1840-50 to 25 per cent. 
for 1870-80, whilst Camden’s population has in- 
creased from 51 per cent. in 1850-60 to 108 per 
cent. in 1870-80. In short, Philadelphia is over- 
flowing because her time limits of travel are too 
Assuming the time limit at thirty 
minutes each way or one hour per day, at the 
usual velocities of travel, the limits of the 

‘* Pedestrian City ” were found to be a square 
with diagonals of 4 miles and area 8 square 
miles. 

‘* Horse Car or Cable City,” were found to be 
a square with diagonals of 6 miles and area 18 
square miles. 

‘*Elevated R. R. City,” were found to be a 
square with diagonals of 12 miles and area 72 
square miles. 

‘* Underground City,” were found to be a 
square with diagonals of 20 miles and area 200 
square miles. 

The total area of Philadelphia is 129 square 
miles, and of the built-up portion 135, or 105 
per cent. Deducting from the square repre- 
senting the ‘‘strect car city,” the salient inter- 
cepted by the Delaware River, it leaves just the 
same area, or 13} square miles, showing the 
city to have reached the limit of street car 
travel. The areas benefited vary as the squares 
of the velocity of travel; hence elevated roads 
would be worth to the city four times as much 
as surface lines, and underground roads about 
eleven timesas much. Since 1850 Philadelphia 


has lost in populatiou one-half a million people 


ported on nine piles of hammered iron, sur-_ 


equivalent to a revenue on the real estate which 
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they would have occupied and improved of | 
about $2,000,000 per annum. The two broad 
zones of the overcrowded portion of the city 
were also outlined, and the extent of the bene- 
fits to be conferred by only two lines of ele- 
vated roads were clearly shown by diagrams to | 
extend to the entire city, Elevated roads oc- 
cupy an intermediate position in cost of con-| 
struction, rate of travel and general utility be- 
tween surface and underground structures, and 
there can be no doubt that the time has fully 
arrived when this city, for her own sake, re- 
quires them and should heartily co-operate with 
any parties so proposing to improve and extend 
her resources. The following were some of the 
conclusions arrived at. 

1. The city has reached and already surpassed 
the ordinary limits of street car travel. 

2. The ratio of increase of population is 
rapidly declining chiefly from lack of more 
rapid and cheaper means of transit. 

3. The present steam roads in the city cannot 
supply the demand as they are surface line | 
trains and must move slowly and cannot be 
run at close intervals; fares are too high and 
stations too distant. 

4, Camden, N. J., is rapidly gaining popu- | 
lation at the expense of Philadelphia. 

5. The annual loss to the city in revenue 
from the cause will reach millions of dollars. 

6. Unless relief is afforded the city will be | 
corralled by time limits and the density of the 
population must increase rapidly at the expense 
of health and morality. 

7. Two lines of elevated railroads at right 
angles to each other, and properly located, 
would benefit an area equal to double that of ! 
the built up portion of the city. 

8. The fears of opponents of elevated of | 
roads of losses to the city or the individual, from 
withdrawal of patronage or depreciation of prop- 
erty, are shown by experience in New York to 
be groundless. 

9. If Philadelphia desires to retain even the 
present low rate of increase in population, and 
high rate of salubrity, she must promptly re- 
spond favorably to the request of her citizens 
to be permitted to build elevated roads. | 

10. The limits of the city are not such as to | 
warrant any corporatian in building an under- 
ground road were it recommended or allowed, | 
with any fair prospects of returns, for many 
years. 

Mr. Wm. H. Ridgway read a paper upon the 
Action of Water in the Modern Turbine, claim- 
ing that it is nothing more than an improved | 
Barker’s Mill, and that there is ne such thing as | 
the water spurting through the shutes and im- | 
pinging on the buckets as is generally believed, | 
—the wheel on the contrary taking a velocity | 
very much greater than that of the inflowing | 
water. 

Mr. J. J. deKinder presented an illustrated | 
description of a method of Removing Con- | 
demned Machinery by Dynamite, as practiced | 
by him in the case of the side levers of the old 
Cornish Pumping Engine at Spring Garden | 
Water Works, Phil elphia, which weighed | 
29,000 Ibs. each. Drilling, tapping and break- 
Ing each beam in two, with half a pound of 
dynamite, and without injury to the building 
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| 


or other machinery, occupied thirteen hours. 
Even had dispatch been unnecessary, it might 
have taken two weeks to do this work by the 
ordinary methods. 

The Tellers of Election reported that one 
hundred votes had been cast, ahd the following 
gentlemen elected Active Members of the Club. 

John H. Converse, W. Henry Sayen, I. Norris 


| DeHaven, Alter Megear, Benj. P. Howell, T. 
A. M. Matsdaira, R W. Davenport, John N. 
Pott, J. B. Wilson, Walter C. Brooke, W. 
Brooks Cabot, Gaylor Thompson, Wm. B. 
Henszey and Archibald Stevenson. . 


ReGuiar MEETING, JuNE 7th, 1884. 

President Wm. Ludlow in the chair, 27 mem- 
bers and 3 visitors present. 

The president announced, in relation to the 
question of new and enlarged quarters for the 
Club, that a house could be obtained in the fall, 
in Girard Street, and requested the members to 
be prepared to discuss and act upon the subject 
at the next meeting. 

Mr. Wm. H. Ridgway described a simple 
crane, consisting of a cylinder hung from the 


|jibs of an ordinary foundry crane, and using 


the steam directly to hoist the load; and also 
an elevator, in which water, receiving pressure 
from the direct application of steam acting upon 
a piston carrying a rack, gave motion to a shaft 
carrying a pinion and drum wheel. 

Mr. C. Henry Roney exhibited specimens of 
American Sectional Electric Underground Con- 


|duits as laid in Philadelphia, described the 


method of their construction in detail, the diffi- 
culties encountered in avoiding the present un- 
derground works, the manner of introducing 


|and arranging the wires, and the behavior of 


the electric currents therein. 

Prof. L. M. Haupt supplemented his paper 
of May 17th, upon Rapid Transit, by an inter- 
esting collection of statistics of the growth of 
the city from the time of the ‘‘ pack horse” to 
the present, and showed, by maps, that his pre- 
vious statements were verified by these sta- 
tistics. 

Mr. A. E. Lehman exhibited to the club a 
model of a new protractor, and described the 
invention and the improvements he has made 
in it. It consists of a combination of pro- 
tractor, T square, scales, etc., which may be 
worked separately or together. As a protractor 


|only, it is complete, being graduated to de- 


grees and fractions thereof and provided with 
a vernier reading to three minutes. It can be 
used, like an ordinary paper of ivory pro- 
tractor, for hasty plotting, and combines tri- 
angles and scales in one instrument. For care- 
ful and precise work it is said to be equal to the 
best special instrument and to be no higher in 

rice. 
4 ir. E. V. d’'Invilliers read a paper on ‘‘ Some 
Characteristics and the Mode of Occurrence 
of the Brown Hematite (Limonite) Ores in 
Central Penna,” taking for his field of illustra- 
tion the lower Silurian limestone valleys of 
Centre Co. He described the anticlinal struc- 
ture of these valleys, and the great erosion, 
erial and sub-zerial, which these rocks (6,000 
feet thick) have undergone, influencing the 
position and character at many of the present 
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ore deposits. He applied this principle to the I. History of Legislation for Surveyors. 
different ferriferous limestone beds, and ex-| II. Foundations and Piers of the Wheeling 
plained how this effect was aided by the alter- | & Lake Erie Railroad Bridge, at Toledo, Ohio. 
nate rise and fall of the anticlinals along the | By Prof. Chas. E. Green. 
trend of their axes. He noted three varieties| III. Water Works for SmallCities. By G.W. 
of ore: 1st. The wash and lump hematite of | Pearsons, Kansas City, Mo. 
the Barrens. 2d. The true limestone “pipe| IV. Reform School for Girls. By Burton 
ore.” 3d. An intermediate transition variety. | Kent, Adrian. 
The first is always associated with the ele | V. Compass Deviations on Vessels and the 
magnesian beds low down in the series of No. | Conversion of Compass Courses. By H. C. 
II., or below 5,000 feet beneath the overlying ! Pearsons. 
Hudson River Slates of No. III. This class shows! YI. Drainage Engineering. By R. C. Car- 
rounded ore and flint balls and tough, barren | penter. 
clay, and are secondary or derived deposits of | VII. Practical Questions. By J. H. Leaven- 
irregular shape. They have been tested 100 | worth. 
feet deep, and contain from 45 to 53 per cent./ VIII. Horizontal and Vertical Distances 
iron, and .051 to .113 phosphorus. The almost | Without the Use of a Vertical Arc or Stadia 
total absence of bisulphide of iron is noticeable. | Wires. By H. C. Pearsons. 
Cost of mining about $1.50 per ton. The|,. c . 
transition variety was assigned a position inthe CONTENTS OF Proceeprxes: Fourth Meeting. 
formation from 3,500 to 5,000 feet below the! Legislative Needs of Surveyors. By George 
slates. They are characterized by a more cal-| E. Steele. 
careous clay, are compact, amorphous, liver} The North Lansing Mill Dam. By A. D. 
colored ores, containing from 40 to 49 per cent. | Bartholemew. 
iron and from .115 to .365 per cent. phosphorus.| Wooden Pavements. By H. G. Rothwell. 
The pipe ores occur usually higher in the lime-| Water as a Source of Engineering Difficulty. 
stones than either of the other two. but in this | By Prof. Chas. E. Green. 
country delow tbe 400 feet of upper Trenton| Common Roads. By Burton Kent, 
layers. These ores occur én situ, between par-| Difficulties in City Surveying. By A. J. 
allel walls of limestone; in plate-like masses, | Teed. 
scales, or as cylindrical pipes in bunches 8 or| Logging Railroads. By E. F. Guild. 
10 feet long, while feathering out both in line} Practical Questions. By J. H. Leavenworth. 
of strike and dip. The deeper banks show the | Necessary Instruments for Surveyors. By 
repeated occurrence of crystals of iron pyrites | Prof. J. B. Davis. 
in all stages of metamorphism. They occur at; Surveying for Railroads. By F. Hodgman. 
great depths, and show from 45 to 53 per cent.| Projection of a Parallel of Latitude. By H. 
iron and from .100 to.185 per cent. phosphorus. | C. Pearsons. 
The flint or quartz grains accompanying them} Traverse Surveying. By Prof. J. B. Davis. 
are rarely water worn, and this clay is very cal-| Engineering of Town and County Drains. 
careous and easily washed, not requiring the | By S. N. Beden. 
jigging necessary for cleansing the lower ores.| A Level Line of Sight. By Prof. J. B. 
Cost of mining these ores varies from 90 cents | Davis, 
to $1.25 per ton. |_ The Judicial Functions of Surveyors. By 
Prof. L. M. Haupt called the attention of the | Justice Cooley. 
club to a bill, pending in Congress, to consoli- | 
date the U. S. Coast and Geodetic Survey with 
i arama, — ENGINEERING NOTES. 
Captain S. C. McCorkle, of the Coast Survey, Boarp or TraApE report has been pub- 
who was present, explained the effect that its lished on the works in progress for the 
passage would have upon the future of the | construction of the bridge over the river Forth, 
work, and President Wm Ludlow gave, from | from which it appears that the most important 
his own experience and knowledge, tbe reasons | works at South Queensferry consist of the coffer 
why this change was contemplated. The Sec-/ dams for the south cantilever pier and for No.7 
retary read his correspondence with Hon. Sam’l. | yiaduct pier. The former is composed of two 
J. Randall upon the subject, and expressed | rows of 12in. sheet piling, with outside struts 
what he believes to be the unanimous sentiment | bearing against the piles, and sustained inter- 
of the Civil Engineering profession of the | nally by heavy cross timbers. The dam meas- 
country, against any interference with a Survey, | ures 115 ft. by 65 ft. inside, and the piles, which 
the perfection of whose results is proverbial, | average 47 ft. long, are driven about 21 ft. into 
and against any increase of the already unwise | the ground. With a view to safety and expedi- 
and unjust discrimination of the Government | tion the dam has been divided into two halves; 
against thoroughly competent Civil Engineers, | the eastern half is completed, the water pumped 
and in favor of a class who often (but with out, and a trial pit sunk in the center to ascer- 
notable exceptions) have, comparatively, but | tain the depth of the hard clay; at a depth of 
little ability, and whose only claim is that the |g ft, below the surface, and 12 ft. below low 
Government has attempted to educate them, | water of spring tides, a compact layer of boul- 
and must, therefore, seem to provide them with | ders, averaging 18 in. thick, was reached, and 
something to do. | immediatel y below this the hard boulder clay 
ICHIGAN ASSOCIATION OF SURVEYORS AND | was entered, which appears to be very stiff and 
Crvit Encingers.—Contents of Proceed-| compact. The piles of the western half of the 
ings: Third meeting. dam are nearly all driven, and it is expected 
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that the water will shortly be pumped out and 
the excavation commenced. About 96,000 
cubic feet of granite have been delivered, of 
which 64,000 cubic feet have been set, and 
about 8,000 cubic yards of concrete are now in 
position. 


FTER full consideration of about twenty 
A plans of sewerage and sewage disposal, 
submitted by different engineers, for the district 
of Southall and Norwood—Middlesex—the Ux- 
bridge Rural Sanitary Authority, has decided 
on that prepared by Mr. John Anstie, C.E., of 
Westminster-Chambers, and proposes, subject 
to the approval of the Local Government Board, 
to commence the works as soon as arrange- 
ments can be made for purchase of the lands 
required for the disposal of the sewage, which 
belongs to the Earl of Jersey. The scheme 
provides for the main sewerage of a district 
about four square miles in area, with a view to 
a considerable portion of it being hereafter 
built upon, the disposal of the sewage being 
effected by means of precipitating tanks, and 
subsequent natural filtering of the water through 
an area of land specially prepared. The under- 
taking is estimated to cost about £10,000. 


TRIAL Was recently made at Messrs. Grant, 
A Ritchie & Co.’s works, Kilmarnock, of 
one of Mr. Joseph Moore’s patent hydraulic 
pumps. In these pumps there are no pump 
rods, and in their place there are two pipes of 
small diameter, in which is contained water 
under a pressure of 1,000 lbs. per square inch. 
This water serves as a hydraulic rod for trans- 
mitting the power from the engine on the 
surface to the pumps underground, and enables 
the pumps to be placed round any number of 
turns and at any distance from the engine. 





The pump which Messrs. Grant, Ritchie & Co. 
tested is for the Broxburn Oil Company. The | 
engine will be placed on the surface and the | 
pump down a drift 300 yards long. The verti- | 
cal lift will be 720 ft. In the trials the pnmp | 
was placed 120 ft. from the engine, and water 
was discharged at a pressure of 200 Ibs. per 
square inch. It worked throughout very | 
smoothly and efficiently. The system is also 
suitable for sinking, in which case the columns | 
of pipes and the plungers slide in wooden 
guides in the same manner as a cage. They are 
suspended by two sets of rods from a hydraulic 
ram, which raises and lowers the pumps and 
pipes in the sinking process. 
— | 


IRON AND STEEL NOTES. 


H™ W. Hvpretp, an engineer of Prevali, | 
Austria, recently published the results of | 
a series of experiments on welding steel in the 
Ocestreichische Zeitschrift fur Berg-und Hutten- 
Wesen. He instances the fact that the Austrian 
navy, in its specifications for steel angles, has 
a welding test which will certainly be conceded 
to be severe One of the sides is cut, the angle 
is bent at right-angles, the flaps are welded to- 
gether, and, when cold, the angle is again bent | 
straight. This test the Austrian Bessemer | 
steel will stand, the material having from 0.20} 


Herr Hupfeld cast two sample ingots 70 mm. 
square and 300 mm. long, one of which was 
used for the welding test, and the other for 
the corresponding test of metal not welded. 
One ingot was cut in two, and a butt well made, 
each end being tapered so that, put together, 
they had a bearing surface of 70 mm. Then, 
after a second low heat, the welded part was 
forged under a steam hammer to 20 mm. 
square, and the rod turned to a diameter of 
about 15 mm., and well polished. When tested 
the bars yielded results which showed hardly 


jany deterioration through welding. — Phos- 


phorus, the Engineering and Mining Journal 
mentions, was in no case above 0.045, and 
sulphur not over 0.02 per cent. The tests show 
that by welding the tensile strength is, on an 
average, diminished by only 1.75 per cent., the 
maximum being 5 per cent., and that the duc- 
tility is increased by exactly the same amount. 


ROTECTING STEEL AND Iron From Rvust.— 
Professor Calvert has recently made the 
interesting discovery by practical tests, that the 
carbonates of potash and soda possess the same 
property of protecting iron and steel from rust as 
do those alkalies in a caustic state. Thus it is 
found, that, if an iron blade immersed in asolu- 
tion of either of the above carbonates, it exer- 
cises so protective an action, that that portion 
of the iron which is exposed to the influence of 
the damp atmospheric air does not oxidize, 
even after so extended a period as two years, 
Similar results, it appears, have also been ob- 
tained with sea-water, on adding to the same 
the carbonates of potash or soda in suitable 
proportion. 


Five Frvisu ror Steet.—A Fine lusterless 
surface on tempered steel can be pro- 
cured by either of the following operations : 
After the steel article has been tempered, it 
should be rubbed on a smooth iron surface with 
some pulverized oil-stone, until it is perfectly 
smooth and even, then laid upon a sheet of 
white paper, and rubbed back and forth until 
it acquires a fine dead finish. Any screw-holes, 
or depression in the steel, must be cleaned be- 
forehand with a piece of wood and oil-stone. 
This delicate, lusterless surface is quite sensitive, 
and should be rinsed with pure soft water only. 
A more durable finish is obtained by smoking 
the steel surface with an iron polisher and some 
powdered oil-stone, carefully washing and rins- 
ing; then mix in a small vessel some fresh oil 
and powdered oil-stone ; dip into this mixture 
the end of a piece of elder-pitch, and finish the 
steel surface with a gentle pressure, cutting off 
the end of the pitch as it commences to become 
soiled. In conclusion, it should be thoroughly 
cleaned in soft water, when the article will be 
found to have a fine lusterless tinish.— Popular 
Science Series. 
——egpo——_—_ 


RAILWAY NOTES. 


“ } hg oe with reference to Sanders-Bo- 
litho automatic vacuum brake” on the 


Midland Railway have been issued, which show 


that it is not an automatic brake. One para- 


to 0.25 carbon, and a tensile strength of from | graph says:—‘‘In the event of a train becoming 
40 to 50 kilogs. During twenty-seven blows, | divided when going up a rising gradient, the 
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! 
guard must, in addition to turning the tap to | 
the ‘remain-on’ position, also apply his hand 
brake tightly, and take such other measures as | 
may be necessary to prevent the vehicles from | 
moving.” 


fy ue gauge in India controversy is opening 
up a burning topic, and the battle of the 
gauges will have to be fought again. There are 
no less than five railway gauges in India—the 
5 ft. 6 in., or broad gauge, the 3 ft. 3 in., or 
meter gauge, the 4 ft. used on the Azimganj 
Railway, the 2 ft. 6 in. gauge of the Gaekwar | 
of Baroda’s line, and the 2 ft., or military gauge 
of the Himalayan Railway. Practically the | 
contest now lies between the broad and meter | 
gauges; the most important lines have been | 
laid on the former, and the broad gauge is the 
proper one to survive. 
uniformity, as the present breaks of gauge, and | 
consequent shifting’ of goods add considerably 
to the cost of transport, though Indian railways 
now pay. 
ie a report on an accident, which occurred | 
on the 28th February, at Fenchurch street 
station on the great Eastern Railway, when, as 
a passenger train was entering Fenchurch street | 
station, the engine left the rails with all its 
wheels at the sharp curve leading from the, 
right-hand up line to No. 5 platform line, and | 
was stopped after running about 49 yards, | 
Major-General Hutchinson says :—‘‘ The train | 
consisted of an eight-wheeled tank engine, with 
a four-wheeled trailing bogie, and a train of 
twelve vehicles, fitted throughout with the 
Westinghouse brake. This accident, which is | 


to brace up their houses. Four new lines are 
now in course of construction.—Hngineer. 


——_ +> —___ 


ORDNANCE AND NAVAL. 


oe CANNON FOR THE AMERICAN GOVERN- 
MENT.—A_ 12-inch rifle mortar, intended 
as an experimental gun, was cast recently, by 
the South Boston Ironworks. This is the be- 
ginning of renewed activity in gun-making 
after a period of seven years, during which 
this portion of the plant has lain idle. This 
is the first of five heavy experimental guns 
contracted for by the Ordnance Department 
last September. The other guns will be cast 
shortly. One will be a 10-inch breech-loading 
rifle, the body to be of cast iron, which is to be 


What is now desired is | reinforced by a wrapping of steel wire. An- 


other will be a 12-inch breech-loading rifle en- 
tirely of cast iron, and is to weigh, when fin- 
ished, some 57 tons. The fourth is to be like 
the last in all respects, with one exception, that 
it is to be lined from the breech with a short 
steel tube, to reach a little beyond the trun- 
nions. The fifth is to be a 12-inch breech-load- 
ing rifle, the body to be of cast iron, but to be 
reinforced by steel rings around the breech, 
and to be lined the full length with a steel 
tube. The material used in all the castings will 
be the Salisbury charcoal iron, mined and 
smelted in Western Massachusetts. The guns 
are cast on the rodman system. The South 
Boston Ironworks have also contracted with 
the Navy Department for the breech-loading 
rifles to armor the new cruisers which John 
Roach is now building. 


almost a repetition of those which occurred at | 
- the same spot last October, must, I think, be ‘ne Chinese war steamer, Nan Thin, which 
attributed to the speed having been too high was lately detained at Newcastle-on-Tyne, 
round the sharp curve of five chains radius, | by order of the British Government, was built 
and to the gauge at the points being unneces-| by Mr. George Howaldt, of Kiel, and was 
sarily tight, the result being that the left lead-| launched in the latter part of last year. The 
ing wheel of the engine left the rails at the | vessel was not built for the Imperial Govern- 
outside of the curve, having crossed the left} ment, but for the Viceroy of Canton, who pos- 
switch 15 in. from its tip.” | sesses a small navy of his own. She is a steel- 
| built corvette of 2,200 tons, and is barque 
W's Germany has 21,865, England 18,-| rigged. Her principal dimensions are : Length 
685, and France 18,050 miles of rail-| between perpendiculars, 277 ft.; breadth, ex- 
way, Turkey has only 1,015 miles, though her | treme, 38ft.; depth in hold, 23ft. 4in. ; draught 
population is almost as numerous as that of of water, 18ft. She is propelled by twin 
these three countries. There are four lines of | screw engines of 3,000 indicated horse-power, 
railway now open for traffic, the most important | manufactured by her builder, and she is said to 
being the Roumelian lines, which are 730 miles | steam at the rate of 144 knots per hour. Her 
long; and upon which, in 1881—the last year | armament consists of two 9in. and eight 40- 
for which statistics have been given—the re-| pounder breech-loading Armstrong guns, and 
ceipts were £587 a mile. The Smyrna, Cassaba it was for the purpose of taking these on board 
and Alachur Company has 295 miles of railway, | that she proceeded to Newcastle. The action 
which in 1881 carried 395,000 passengers and of the British Government in embargoing this 
470 tons of goods; its receipts being £1,125 to vessel has created much surprise on the Con- 
the mile. The Aidin Company has 120 miles | tinent, as no valid excuse can be found for her 
of railway, and carried 190,000 passengers and | detention. It is maintained by competent au- 
500,000 tons of goods; its receipts being £1,088  thorities that the German Government only is 
to the mile. The Haidar Pasha line is 58 miles responsible for any breach of international law 
long, and its receipts in 1881 were £573 per which may have been caused by her departure 
mile. There is also a short line, 26 miles long, | from a German port. It will be remembered 
from Mondavia to Broussa, which was opened that Mr. Howaldt was the builder of the cé 
afew years ago. But it has been allowed to| devant Peruvian cruisers, Diogenes and Soc- 
fall into disuse, and the inhabitants of the dis-| rates, which were first seized at Kiel by the 
trict through which it passes are using the | German, and subsequently at Southampton by 
sleepers as firewood, and the rails themselves | the British Government.—ZHngineer. 
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r] ‘ue New Screw Gun Vesset ror tHe Navy.! No. VIII. The Study of Meteorology in the 
—On the 7th May H. M.S. Reindeer, | Schools of Germany, Switzerland and Austria. 


screw gun vessel, which was built at Devon- | 
port and launched in November last, was taken | 
into the Channel for a peliminary trial of her | 
machinery, which has been fitted by Messrs. R. | 
and W. Hawthorn, St. Peter’s Works, New-| 
castle. The Reindeer is one of five vessels of a 

class which is an improvement on the Dolphin | 
and Wanderer, recently commissioned at Sheer- | 
ness. Four of the ships, including the one tried, | 
have been or are being constructed, at Devon- | 
port, those on the stocks at present being the 

Mariner, Racer, and Icarus. The fifth, the 

Acorn, is being built at Pembroke Dock. The} 
Reindeer is fitted with six 5in. guns, two on) 
either slde, one forward, and the other aft. | 
When the start was made the weather was | 
very threatening, and before the ship had been 
long outside the wind rose toa gale. Never- 
theless the trial proceeded very smoothly, the | 
machinery working splendidly throughout. The | 
engines are horizontal, compound, surface con- 

densing, with high cylinder 32in. and low 54in. | 
in diameter. with 3ft. stroke. The engines are | 
fitted with Mr. F. C. Marshall’s patent valve 
gear, having one eccentric only for each cylinder, | 
which reduces the number of working parts to | 
aminimum. The engines are so arranged as 
to cut off steam between 17 per cent. and 60 per 
cent. of stroke without expansion valve. The 
ship is fitted with three boilers 7ft. 2in. diam- 
eter by 16ft. 9in. long. When the trial com- 
menced the steam in the boilers was 90 lb., the | 
vacuum in the condensers 26.25in., the mean 
revolutions per minute 74, mean pressure in the 
higher 9.8 lb., in the low cylinder 12.4 lb. For 
one hour the engines were woeked as the high- 
est grade of expansion, giving 106 horse-power 
in the high-pressure, cylinder and 384 in the 
low-pressure cylinder—total 490. The engines 
were then worked at different grades of expan- | 
sion with satisfactory results. The machinery | 
was then gradually worked up to full power, the 

steam in the boilers being 82 lb.; the vacuum in | 
the condensers, 26in.; revolutions 96 per min- 

ute ; mean pressure in the high cylinder, 23 Ib.; | 
in the low cylinder, 14.3 Ib.; giving an indi- | 
cated horse-power, high, 322; low, 572—total 

894. The engines were next tried at one hour | 
jet injection. The mean steam in the boilers 
was 75 lb., the vacuum in the condensers, 19in.; 
revolutions, 75.8 per minute; mean pressure in 
the high cylinder, 17.4 lb., in the low cylinder, 
11.4 lb.; horse-power, high, 198; low, 361— | 
total, 554. Stopping and startin 


| 


were next | 
tried. The engines going full speed ahead were | 
stopped in three seconds; being stopped, they | 
were started astern in three seconds; going 
astern, they were stopped and started ahead in 
five seconds.— Engineer. 
——__ - =e — — 
BOOK NOTICES 
PuBLIcATIONS RECEIVED. 
‘iGNAL Service Norss: 
kK) No. VI. Report on Wind Velocities at 
the Lake Crib and at Chicago. By H. A. 
Hazen. 
No. VII. Variation of Rainfall West of the 
Mississippi River. By H. A. Hazen. 





By Frank Walds. 

No. X. Report on the Lady Franklin Bay 
Expedition of 1883. By Lieut. Ernest A. Gar- 
ton. Washington: Signal Office. 

From Mr. James Forrest, Secretary of the 
Institution of Civil Engineers, we have received 
the following papers of the Institution : 

The Adoption of Standard Forms of Test 
Pieces. By William Hackney, A. L. C. E. 

Wood-working Machinery. By James Ber- 
nard Hunter. 

Speed on Canals. 
Conder, M. Inst. C. E. 

Two Applications of Calculation to the Re- 
sistance of Materials. By Charles Antoine, of 
Brest. 

The Theory of the Dynamo-Electric Machine. 
By Randolph Clausius, Hon. M. Inst. C. E. 

Abstracts of Papers, Vol. 74, part 4. 

Monthly Weather Review for April. Wash- 
ington: Signal Office. 

School of Mines Quarterly for May. 

Report to U. 8. Commissioner of Fisheries ; 


By Francis Roubillac 


| with Plans for the Fishways of the Great Falls 


of the Potemac. By M. McDonald. 

Report of the Board of State Engineers of 
the State of Louisiana for 1882-83. Baton 
Rouge: State Printer. 


oe ALGEBRA, OR THE ALGEBRA OF AL- 
iN 


GEBRAIC NumBers. By Pror. Wa. Cain, 

C. E. Van Nostrand’s Science Series. No. 73. 
This essay will prove of special interest to 
teachers and pupils of elementary algebra, the 
vexed question of negative quantities being the 


| single topic of the first half of the book. Noth- 


ing could be clearer than the author’s exposi- 


| tion of the system of symbols which avoids the 
| difficulties encountered by students or teachers 


who are hampered by arithmetical conceptions. 

A second essay in the same book relates to 
the methods of geometry, and will prove 
equally serviceable und interesting to the same 
class of readers. The principles discussed are 
not so rudimentary in character, but the ex- 
planation is of such a nature that students of 
elementary mathematics may read it with 
profit ; indeed, these essays form a part of the 
author’s course as an instructor in the Military 
Academy of Charleston, 8. C. 


ESTING MacHINEs: THEIR History, Con- 

STRUCTION AND Use. By Antuur V. AB- 
Bott. Van Nostrand’s Science Series, No. 74. 
New York: D. Van Nostrand. 

The testing machine is a modern invention. 
Economy of material is a matter of recent 
study. Only modern engineers have applied 
methods of calculation to determine the limits 
within which they can successfully build; the 
limits involving safety and durability on one 
hand, and clumsiness and wastefulness on the 
other. The data for such calculation can be 
properly furnished only by the testing ma- 
chine. 

The development, construction and use of 
such machines is graphically set forth in this 
little essay. Evidence of careful study of the 
subject is manifest throughout the book. 

he illustrations are numerous and excellent. 
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EPORT OF THE CHIEF OF ORDNANCE TO THE | the latest discoveries. The illustrations are few 


.\\ Szcrerary or Wark FOR THE YEAR 1883. 
Washington: Government Printing Office. 


| 


Like ordinary official reports, this one pre- | 


sents its chief value in its appendices. Up to 
‘* Appendix 9” there is nothing that is intended 
to be read probably by anybody. From Ap- 
pendix 10 to Appendix 42, inclusive, there is 
much relating to systematic trials of materials 
and of guns that will be regarded with interest 
wherever the art of war is a subject of study. 

There are many illustrations of different kinds 
and all degrees of excellence scattered through- 
out the volume. 


f Geran, “ame TO THE Stupy oF MopERN For: 
EST Economy. By Joun CroumBie Brown, 
LL.D. London: Simpkin, Marshall & Co. 

Few writers have done as much to advance 
the plans of preserving forests as the author 
of this treatise. He was one of the first to 
collect statistics exhibiting the full measure of 
the evil resulting from destruction of forests. 

The general principles of preserving and re- 
storing forests are compactly stated in this last 
essay. The newly-awakened interest in this 
subject in the United States should ensure a 
wide reading of it.. 


MANUAL oF CHEMISTRY—PHYSICAL AND 

 Ivorcanic. By Henry Warts, B. A., 
F. R.S. Philadelphia: P. Blakiston & Co. 

This book is designed to take the place of the 
well-known ‘‘Manual of Chemistry” of the 
late Professor Fownes. Like that widely- 
known text book it presents a complete outline 
of chemical physics and inorganic chemistry. 

A short sketch of the more important ele- 
mentary bodies commences the volume. The 
Laws of Combination, the Rules of Nomencla- 
ture then follow, and then in order come 
Heat, Light, Magnetism and Electricity, which 
closes the first part. 

Part second, which is about two-thirds of the 
bulk of the volume, contains Inorganic Chem- 
istry on the familiar plan of ordinary English 
text-books. 

The careful and even elaboration of the suc- 
cessive topics which gave the old book its value 
seems to have been carefully preserved in the 
present edition. In some places the new editor 
has failed to preserve the precision of the old 
book. This is especially noticeable in some of 
the definitions of scientific terms. 


F hnwery Text Book or Inorganic CHEM- 
istry. By Dr. Hermann Korpe. Trans- 
lated and edited by T. S. Humpidge, Ph. D. 
New York: John Wiley & Sons. 

‘*The problem of the lecturer on chemistry,” 
says Dr. Kolbe in his preface, ‘‘is to give his 
hearers an idea of chemical processes, and the 
most important chemical theories, without bur- 
dening their memories with a large number of 
mere facts, and thus to prepare them to acquire 
an accurate knowledge of chemistry by their 
own practical work.” 

With this principle constantly in view this 
text book has been carefully prepared. Chemi- 
cal reactions and processes are given only to 
illustrate the principle or law of combination, 


in number but good. 


| (\ LECTRICITY: ITS THEORY, SOURCES AND Ap- 
jy prications. By Joun T. Spraaue, M. 8. 
T. E. London and New York: E. & F. N. 


| Spon. 


Judging from the numerous inquiries which 
have been made, many of our readers will be 
glad to hear that the long-promised second 
edition of this work is now issued. The new 
edition is greatly enlarged, the 384 pages of 
the first having now grown to 650, forming a 
substantial volume of well and closely-printed 
matter, inclosed in a handsome binding. We 
see that all that was in the first edition is re- 
produced, though with some rearrangement 
and revision; therefore, the work retains the 
special character which distinguishes it from 
all other electrical books, and which rendered 
it so welcome and useful to that great class of 
students of electricity who are not familiar 
with mathematical formula, and either dislike, 
or can not master the abstract theories of the 
text books. This is indicated by a statement 
in the preface: ‘‘ There are two electricities 
known to the scientific worid: the electricity 
which exists in nature, and the electricity 
which, created by mathematicians, exists chief- 
ly upon the blackboards of the professor’s class- 
room. It is the first of these electricities 
which this work endeavors to elucidate.” But 
this second edition carries the reader further in 
the direction of mathematical electricity than 
the first one did, as the section in Measurement 
fully explains the centigrade system, and’ we 
note that the term ‘‘ potential” is not repudi- 
ated as in the first edition, though not allowed 
to displace the simpler ‘‘ electromotive force.” 
Its meaning also is fully discussed, and its re- 
lation to energy explained. 

The chapter on static electricity is consider- 
ably extended, particularly in connection with 
inductive capacity, and the latest improve- 
ments in the Voss and Wimshurst machine are 
described. The chapter on batteries has not 
been much altered, as every useful form was 
already fully explained: but a full description 
of secondary batteries is added to it, derived 
from the series of articles which appeared in 
our pages, and in which all the most trust- 
worthy information on the subject was fur- 
nished. 

The chapter on measurement is largely re- 
written, and we see that Mr. Sprague has in- 
cluded in it the results of his own investiga- 
tions in galvanometry and the mode of gradua- 
tion he has devised for his patent galvanom- 
eters, which will no doubt be of interest to 
many. The sections on electrolysis and metal- 
lurgy have undergone little change—indeed, 
they were already so complete that there was 
little need for change. 

The original chapter on Lightning has been 
extended into a more general one on Terrestrial 
Electricity, in which we see a statement which 
will probably be challenged, viz., that ‘‘ there 
is good reason to believe that nothing resemb- 
ling electrical action occurs across space,” and 
that neither the earth nor any of the other orbs 


The science as elucidated is in accord with | have a static electric charge; this doctrine 
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would be inconvenient forthe many theorists who | 


can now utilize electricity as an explanation for 
anything they do not understand; but it is de- 
fended by the argument that if such charges 
existed ‘gravitation could not be a constant 
force.” A very full description is given of the 
principles of dynamo-machines, including the 
principle of compounding and the use of the 
‘* characteristic curves,” their efticiency as also 
that of electro-magnetic motors, and the cost of 
current and work derived from them. 

A chapter of 34 pages on electric lighting is 
entirely new, and contains a great deal of in- 
formation as to the nature of light and its re- 
lation to electricity, as well as the practical 


processes and apparatus employed, and the cost’ 


of obtaining the light, as to which the sound re- 
mark is made that this is one of those matters 
in which a little knowledge is a dangerous 
thing. 

Telephones, radiophony, the induction bal- 
ance, and the latest discoveries are fully ex- 
plained in one chapter, together with a sketch | 


As illustrating magnetic measurements, we 
have a detailed explanation of the Gaussian 
method of determining the horizontal com- 
ponent of the earth’s force. This naturally 
leads to definitions of the magnetic units and 
elements. 

The theory of the ring tangent galvanometer 
follows, nothing, however, being said of the 
double-coil arrangement of Helmholtz now 
generally adopted in standard instruments. In 
developing the theory of the several instru- 
ments described, the author does not hesitate 
to discard unwieldly elementary methods, and 
uses where necessary the more rapid and 
powerful formul of the integral calculus. 

Due prominence is given to the compara- 
| tively new instruments—the graded galvanom- 
eters—of Sir William Thomson. The theory 
| of each is explained and several ways are de- 
| scribed by which they may be graduated and 
| their accuracy easily verified at any subsequent 
| time. 

The comparison of resistances occupies a 


of the leading principles of thermo-electricity, | chapter of thirty pages, in which are discussed 
and the dictionary of terms, which gives con-| such important matters as the sensitiveness of 
venient definitions for reference, concludes a} the Wheatstone bridge and Kirchoff’s modified 
work which may fairly be described in the! form of it, the elimination of the effects of 
words of an American professor, quoted among | self-induction, the calibration of wires, the 
other critics: ‘‘The principles of the science | measurement of high resistances, the insulation 
and the operations of its laws are given with a| of the electrometer, and the internal resistance 
perspicuity and fullness of exposition rarely to | of batteries. 
be met with. It is not too much tosay thatthe; We notice, in connection with this chapter, 
laws of the correlation of the forces are here | that no reference is made to Professor Forster’s 
worked out in a manner exceptionally im-| elegant method of calibrating wires, or to the 
pressed with originality. The work | various condenser methods for determining 
should be | what is called the resistance of a battery. 
Another chapter of the book treats of the 
| development of energy in the various parts of 
It contains much useful in- 


is pregnant of valuable thought, and 
read by all who seek to geta firm grasp upon 
the fundamental principles of the science.” 

An ample index is supplied, and we note that | an electric circuit. 
our suggestion in reviewing the first edition | formation about many points relating to dyna- 
has been adopted, and that a copious table of| mos and electric motors which one would 
contents has been added to the present edition. | look for in vain in text-books published a year 


|back. This information is obtainable from 
| first sources only, being scattered over the pro- 
A= MEASUREMENTS IN Exvecrricrry | ceedings of many societies; and Mr. Gray has 
AND MaGyetism. By ANDREW Gray, M.A.,| done a serviceable work in giving briefly the 
F.R. 8. E., Chief Assistant to the Professor of | conclusions of the more important investiga- 
Natural Philosophy in the University of Glas-| tions that have been carried on. The efficiency 
gow. London: Macmillan and Co. of machines is defined, its relation to speed 
A want is felt in physical laboratories for a and resulting potential pointed out, a conve- 
work that may serve a student as a guide through | nient form of ergometer is described, and a 
the various departments of electrical and mag-| sketch of the theory of alternating current, 
netic measurements. Kohlrausch’s ‘‘ Introduc-| machines is given including the effects of self- 
tion ” contains much useful information, but it | induction. 
is put together in a manner that is not always; This latter theory is confessedly a difficult 
clear and satisfactory. Kempe’s ‘‘Handbook” | subject, and one could not expect of Mr. Gray 
is very good for the special purpose for which it; more than a brief reference to the several 
was written, for it meets in a complete manner variables which lead up to that very complex 
all the requirements of electric telegraphy. It) integral, viz., the current from a dynamo or an 
is expected that the forthcoming volume by | alternating current machine. 
Professors Mascart and Joubert will in some} The concluding chapters deal with the 
measure supply our deficiency. measurement of intense magnetic fields, mag- 
Mr. Gray’s book is not introductory ; it pre-| netic permeability and susceptibility, and the 
supposes a good acquaintance with the laws of| various electro-static and _ electro-magnetic 
electrical and magnetic quantities, and the | units. 
methods of measurement in general use. Nor} If we had to point out any part of this excel- 
is it a complete treatise; it was written for the | lent little book which appeared to us wanting 
specific purpose of giving, by a few well-| in clearness, we should indicate the early para- 
chosen and typical measurements, a clear ac-| graphs of Chapter X. We think a clearer ex- 
count of the absolute system of units now uni-| position is possible of the meaning and meth- 
versally adopted. ods of measurement of the efficiency of dyna- 


English Mechanic. 








88 


VAN NUSTRAND’S ENGINEERING MAGAZINE. 





mos and motors, and also of the precise | 
conditions required for rapidity and economy 
of working respectively. 

Undue importanee seems to be attached to 
the copper voltameter. We may mention that | 
Lord Rayleigh found it unreliable for accurate 
measurement, and hence the adoption of the 
silver voltameter for delicate work. 

Mr. Gray states as the result of many careful 
determinations made in the University of Glas- 
gow by Mr. Thomas Gray, that a coulomb lib- 
erates at the negative electrode, .000331 of a 
gramme of copper. This would make the 
electro-chemical equivalent ¢ = .00331, whilst 
if we take the e of silver as determined quite 
recently and with extreme care both by Lord 
Rayleigh and by Kohlrausch as .01118, the 
electro-chemical equivalent of copper as de- 
duced therefrom would be .00344. 

To one who has already a good knowledge 
of electrical matters generally, and some ex- 

erience in a physical laboratory, the work of 
Mr. Gray will be of great help. Written by a 
man who is practically familiar with his sub- 
ject, and who enjoys the advantage of every- 
day intercourse with Sir William Thomson, it 
is replete not only with theoretical information, 
but it is also very suggestive of ‘‘ means and 
ways.”— Engineering. 


——- ope — —— 
MISCELLANEOUS. 


r ie ELreotro-CHEMIOAL EQUIVALENT OF SIL- 


ver.—A very careful and important de- 

termination of the electro-chemical equivalent 
of silver has been made at the Observatory of 
the Physical Institute of Wurzbourg, and the 
results are that an ampere current flowing for a 
second, or a coulomb of electricity deposits 
1.1183 milligrammes of silver or 0.3281 milli- 
grammes of copper, and decomposes 0.09328 
milligrammes of water, a result agreeing closely 
with that of Lord Rayleigh recently communi- 
cated to the Physical Society. An ampere 
therefore deposits 4.0259 grams of silver per 
hour; Kohlrausch’s value is 4.0824, a value 
hitherto accepted universally. This value is 
so useful in measuring electric currents with 
accuracy, and free from the disturbances of 
magnetism, &c., that it is eminently satisfactory 
to find the German value agree with that of Lord 
Rayleigh, which will probably be adopted by 
English electricians. 


\ HEN a Casting is very thin, even if of soft 

grey pig, it is often as hard, even though 
run in sand, as if cast in a chill. Such cast- 
ings may be annealed, so that the surface may 
be worked, by putting them in boxes and rais- 
ing the temperature to redness. In the case of 
gray iron the castings are surrounded with 
coarse sand, and heated for forty-eight hours; 
but in that of white iron they are surrounded 
by a mixture of one part of sal-ammoniac and 
twelve parts of hammer scales, and heated for 
twenty-four hours. This length of time is suf- 
ficient to soften the skin; but if the operation be 
continued for a week the castings will become 





malleable. 


. following formula has been given for a 

convenient ink for marking, by means of 
a stamp, textile articles that have to be washed: 
Twenty-two parts of carbonate of soda are dis- 
solved in 85 parts of glycerine, and triturated 
with 20 parts of gum arabic. In a small flask 
are dissolved 11 parts of nitrate of silver in 20 
parts of officinal water of ammonia. The two 
solutions are then mixed and heated to boiling. 
After the liquid has acquired a dark color, 10 
parts of Venetian turpentine are stired in it. 
The quantity of glycerine may be varied to suit 
the size of the letters. After stamping expose 
to the sun or apply a hot iron. 


New Sranparp Ligur.—Her Heffner-Al- 
teneck has suggested a new standard 
light for photometric purposes, which promises, 
to be very simple and effective in operation. 
The light is produced by an open flame of amy- 
acetate burning from a wick of cotton fiber 
which fills a tube of German silver 1 in. long 
and 316 mils. internal diameter; the external 
diameter being 325 mils. The flame is 1.58 in. 
high from top to bottom; and it should be light- 
ed at least ten minutes before using the light for 
testing. A cylindrical glass chimney surrounds 
it to ward off air currents. About 2 per cent. 
of the light is absorbed by the glass. The pow- 
er of the flame is that of a standard English 
candle ; and experiments have shown that amy]- 
acetate, which besides is not expensive, is the 
best fuel for steadiness and brilliance. Neither 
substitution of commercial amyl-acetate for 
pure, nor the use of wick of cotton thread for 
Joose cotton fiber alters the illuminating power ; 
but the wick should be trimmed square across 
the mouth of the tube, for if it project and droop 
the illuminating power is increased. 


STANDARD THERMOPILE. —Dr. G. Gore, F.R. 
S., has invented an improved thermopile 
for measuring small electromotive forces. It 
consists of about 300 pairs of horizontal, slen- 
der, parallel wires of iron and German silver, 
the former being covered with cotton. They 
are mounted on a wooden frame. About 1} in. 
of the opposite ends of the wires are bent down- 
wards to a vertical position to enable them to 
dip into liquids at different temperatufes con- 
tained in long narrow troughs; the liquids 
being non-conductors, such as melted paraffin 
for the hot junctions, and the non-volatile 
petroleum, known as thin machinery oil. The 
electromotive force obtained varies with the 
temperature ; a pile of 295 pairs having a resist- 
ance of 95.6 ohms at 16 deg. Cent., gave with a 
difference of temperature of 100 deg. Cent., an 
electromotive force of .7729 volts, or with 130 
deg. Cent. an electromotive force of 1.005 volt. 
Each element, therefore, equaled .0000262 volt 
for each degree Cent. difference of temperature, 
On having been verified with a standard voltaic 
cell the apparatus becomes itself a standard, 
especially for small electromotive forces. It is 
capable of measuring the yz4,; part of a volt. 
For higher electromotive forces than a volt, 
several of these piles would have to be connect- 
ed in series. The fractional electromotive force 
is obtained by means of a sliding contact which 
cuts out so many pairs as is required. 





